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Structural Geology of Western Part of 
Lemhi Range, East-Central Idaho

By Russell G.Tysdal

Abstract

The large Poison Creek anticline, now broken by normal 
faults, is the major structure in the western part of the Lemhi 
Range. The fold resulted from late Mesozoic compressional 
deformation in the hinterland of the Cordilleran thrust belt in 
central Idaho. Bedrock of the study area is mainly Mesopro- 
terozoic strata that are part of a thrust sheet floored by the Poison 
Creek fault, a major thrust fault whose trace extends northwest 
across the northern part of the study area. The thrust fault dis 
placed the Proterozoic rocks over lower Paleozoic formations 
composed of carbonate and quartzite. In the southern part of the 
study area, the easterly trending Lem Peak normal fault has 
vertical displacement of several thousand meters and may cut 
the Poison Creek thrust fault at depth. Between the trace of the 
Lem Peak normal fault and the Poison Creek thrust fault lie the 
Hayden Creek and Bear Valley faults, which in their present 
configuration show normal displacement. The Hayden Creek 
fault, however, has a demonstrable thrust displacement prior to 
normal displacement. Both it and the Bear Valley fault may have 
formed originally as subsidiary thrusts of the Poison Creek 
thrust fault, generated during rupture of tight folds within the 
Poison Creek thrust sheet. Removal of the normal component of 
slip on the Hayden Creek and Bear Valley faults, restoring rocks 
to about their pre-normal-slip positions, reveals the original 
geometry of the eastern part of the large Poison Creek anticline 
above the Poison Creek thrust fault.

A single regionally extensive thrust sheet, the Medicine 
Lodge thrust system, previously was interpreted as the major 
structure of the region. Within the southeastern part of the 
present study area, a window was stated to exist in the vicinity of 
Hayden Creek and to expose rocks of the subthrust Mesoprot- 
erozoic Yellowjacket Formation. My mapping leads me to con 
clude that neither the Medicine Lodge thrust plate nor the 
window exists in this part of the range.

The northwest-trending structural grain of the Lemhi Range 
is truncated by the north-striking Salmon River fault at the west 
ern margin of the study area. The fault is oblique to the struc 
tural grain of the range and is interpreted as a tear fault that 
formed during Mesozoic thrust faulting and folding of rocks of 
the Poison Creek thrust sheet. The fault served to compartmen 
talize the style of deformation that took place on opposite sides 
of it. Rocks east of the Salmon River fault, the main focus of 
this report, deformed into the major fold and associated subsid 
iary thrusts of the Poison Creek sheet. Rocks directly west of 
the Salmon River fault generally display low dips and locally

define a shallow-dipping syncline oriented about parallel to the 
north-trending fault. A segment of the fault subsequently was 
reactivated as part of the Lem Peak normal fault during down- 
dropping of the Lem Peak block. Later, the entire length of the 
present Salmon River fault was reactivated as a basin-and-range 
normal fault that dips steeply to the west.

Introduction

The study area is in the northern part of the Lemhi Range of 
central Idaho (fig. 1), a region entirely within the Cordilleran 
overthrust belt of the Rocky Mountains. Meso- and 
Neoproterozoic 1 and Phanerozoic strata are prominent in the 
central and southern parts of the range, southeast of the study 
area. Bedrock of the northern part of the range is chiefly Meso- 
proterozoic rocks, with only local areas of Paleozoic strata pre 
served. Igneous rocks of the middle Eocene Challis Volcanic 
Group are widespread to the west and southwest. The volcanic 
rocks form locally extensive outcrops on the flanks of the north 
ern part of the Lemhi Range, but within the higher parts of the 
range they are preserved only in small isolated patches.

Previous Work

The study area (fig. 2) contains some previously 
unmapped territory, whereas some parts are covered by previ 
ously published and unpublished mapping. Much of the area 
was covered by the thesis areas of Soregaroli (1961) and Tiet- 
bohl (1981). The eastern part includes the southwest corner of 
the Lemhi 15 -minute quadrangle mapped by Anderson (1961) 
and the northwest corner of the Patterson 15-minute quadran 
gle mapped by Ruppel (1980). A discussion of the geology in 
the Patterson quadrangle was presented in Ruppel and Lopez 
(1988). In addition, the study area includes the southernmost 
part of the Goldbug Ridge 7.5-minute quadrangle (Evans, 1999; 
K.V. Evans, Falma Moye, and R.F. Hardyman, unpub. map 
ping, 1996) and the adjacent Poison Peak quadrangle (G.R. 
Winkler, unpub. mapping, 1996). This report is based on 
published geologic mapping studies of Tysdal (1996a, 1996b,

'The terms Middle and Late Proterozoic, respectively, were used for these 
eras in previous publications by the author. The present usage follows that of the 
International Union of Geological Sciences (IUGS) subcommittee on Precam- 
brian stratigraphy (Plumb, 1991).
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Figure 1. Index map of east-central Idaho, showing prominent 
geographic features.

1996c) and Tysdal and Moye (1996), as well as local areas of 
unpublished mapping of Tysdal.

Arrangement of Report

This report generally discusses compressionally formed 
structures first, then extensional features. However, removal of 
later normal-slip movement from several (originally) thrust 
faults is necessary before discussion of the compressional 
features is feasible. Hence, the two types of deformation are 
considered together for several faults within the range. Interpre 
tation of compressional deformation is presented in a section 
that makes use of stereonet compilations of bedding and 
cleavage. Extensional faults for which no restoration to pre-slip 
positions was undertaken are then described. A final part of the 
report discusses the previously described Medicine Lodge thrust 
plate and the Hayden Creek window.

Structural Setting

Central Idaho is part of the hinterland of the thrust belt in 
the eastern part of the Cordillera of the western United States.

1:24,OOO and other geologic maps

A K.V. Evans, Falma Moye, and R.F.
	Hardyman (unpub. mapping, 1996) 

B G.R. Winkler (unpub. mapping, 1996) 
C Tysdal and Moye (1996) 
D Tysdal (1996b)
E Tysdal (unpub. mapping, 1996-2000)
F Soregaroli (1961)

G Tietbohl (1981)
H Tysdal (1996a)
I Tysdal (1996c)

1:62,5OO geologic maps

1 Anderson (1961)
2 Ruppel(1980)

Figure 2. Index to geologic mapping studies in western part of 
Lemhi Range. Names of 7.5- and 15-minute topographic quadrangles 
are labeled in figure.

The study area (fig. 1) lies within this region and generally dis 
plays lower structural levels and older stratigraphic units than 
are exposed to the east and south. Along the extent of the Lemhi 
and Lost River Ranges and the Beaverhead Mountains, pre 
served Paleozoic strata generally become progressively older 
from southeast to northwest. In the northern part of the Lemhi 
Range and the Salmon River Mountains to the west, Paleozoic 
rocks crop out only in isolated erosional remnants. Upper units 
of the Mesoproterozoic sequence also have been eroded from 
broad areas in the northern parts of these mountain ranges.

Proterozoic and Paleozoic strata in the general region of 
the study area underwent compressional deformation, probably 
in the Late Cretaceous, creating a series of thrust faults and 
related folds. Subsequent extension was accompanied by for 
mation of normal faults, some with major displacement. The 
compressional deformation and at least some of the extensional 
movement predate deposition of the Eocene Challis Volcanic 
Group. This probable Cretaceous to Tertiary deformation is in 
addition to (1) Mesoproterozoic compressional deformation

Structural Geology, Western Lemhi Range, Idaho



reported for local areas of the general region (for example, 
Evans, 1986; Evans and Zartman, 1990), and (2) Neoproterozoic 
to early Paleozoic extension, both of which may have affected 
rocks of the area. Normal displacement on several major faults 
in the Lemhi Range took place prior to uplift of the mountain 
range. The present topographic expression of the Lemhi Range 
and the adjacent mountain ranges is largely the effect of Ceno- 
zoic basin-and-range normal faulting (Ruppel, 1993).

Interpretations presented in this report differ significantly 
from those published previously. Rocks of the study area previ 
ously were interpreted as part of a single, regionally extensive 
thrust plate that crossed from central Idaho into southwestern 
Montana (Ruppel, 1978). Called the Medicine Lodge thrust 
system, it was perceived to include the thrust faults in the Bea- 
verhead Mountains and adjacent areas of Montana, and the con 
cept was later extended to include faults farther west in the 
Lemhi Range. Ruppel (1978) and Ruppel and Lopez (1984, 
1988) envisioned the Medicine Lodge thrust as separating 
allochthonous rocks of the Mesoproterozoic Lemhi Group and 
overlying strata from subjacent, autochthonous, older Meso 
proterozoic rocks of the Yellowjacket Formation. These workers 
considered the Yellowjacket to be autochthonous because they 
believed that, in most places, the rocks were only slightly 
deformed or exhibited a style of deformation different from that 
of strata of the Lemhi Group and younger rocks.

Within the Lemhi Range, Ruppel (1978, p. 8) stated that 
one of the best exposures of the Medicine Lodge fault system is 
in the vicinity of Mill Mountain, in the southeastern part of the 
present study area, where a window (the Hayden Creek window, 
fig. 4) resulted from erosion through the Medicine Lodge thrust 
plate. My mapping in this area and farther west in the northern 
part of the Lemhi Range (Tysdal, 1996a, 1996b, 1996c; Tysdal 
and Moye, 1996) leads me to conclude that the Medicine Lodge 
thrust plate does not exist in this part of the range, that no win 
dow was eroded through such a thrust plate, and that rocks 
assigned (by Ruppel and Lopez, 1988) to the Yellowjacket For 
mation in the northern part of the Lemhi Range are as intensely 
deformed as the rocks of other Mesoproterozoic formations.

Stratigraphic Setting

The Stratigraphic succession, description, and thickness of 
rock units exposed in the study area are shown in table 1. Paleo 
zoic strata crop out only locally, in the southern and northern 
parts of the study area. Volcanic rocks of the Eocene Chain's 
Volcanic Group are extensively exposed on the flanks of the 
Lemhi Range, and locally atop the range. The sequence of 
Proterozoic formations shown in table 1 is in agreement with 
that determined by Ruppel (1968, 1975, 1980; Ruppel and 
Lopez, 1981), who set the stage for subsequent workers on Prot 
erozoic stratigraphy in central Idaho during the course of their 
geologic mapping in the Lemhi Range. All Proterozoic rocks 
are metamorphosed to the lower greenschist facies, except for a 
local area of biotite-grade greenschist facies in the western part 
of the study area.

Discussion of the stratigraphy and interpretation of 
depositional environments represented in the Mesoproterozoic

formations of the study area are presented in Tysdal (2000a). 
No strata of the Proterozoic Yellowjacket Formation (Ross, 
1934) occur in the study area. The Yellowjacket was redefined 
by Tysdal (2000b) and restricted to strata like those originally 
assigned to the unit by Ross (1934). Rocks that Ruppel (1980), 
Lopez (1981), and Ruppel and Lopez (1988) designated as Yel 
lowjacket within the Lemhi Range were reassigned to the Apple 
Creek Formation, and locally the Big Creek Formation, by 
Tysdal (1996a, 1996b, 1996c; Tysdal and Moye, 1996). Hence, 
in this report, strata that Ruppel (1978, 1980) and Ruppel and 
Lopez (1984, 1988) mapped or interpreted as Yellowjacket in 
the Lemhi Range here are designated "Yellowjacket" to 
distinguish the previous usage. This usage occurs mainly in the 
subsection on the Medicine Lodge thrust system.

Compressional Deformation

Structural terminology use in this report is summarized in 
the illustration of figure 3. The Poison Creek thrust fault, which 
trends northwest across the study area, is the major fault of the 
western part of the Lemhi Range. Hangingwall rocks of the 
Poison Creek thrust fault are named the Poison Creek thrust 
sheet, and those in the footwall are assigned to the McDevitt 
Creek thrust sheet. Subsidiary thrust and (or) normal faults of 
the Poison Creek sheet are the Hayden Creek and Bear Valley 
faults, which in their present configuration show normal dis 
placement. The Hayden Creek fault, however, has a demonstra 
ble thrust displacement prior to normal displacement. Both it 
and the Bear Valley fault may have formed originally as subsid 
iary thrusts of the Poison Creek thrust fault, generated during 
rupture of tight folds within the Poison Creek sheet, but attained 
only minor displacement. Rocks downdropped southwest of the 
Lem Peak normal fault are part of the Lem Peak block.

Major thrust faults are described first, followed by faults 
that have undergone multiple sense of movements. Then, the 
more recent movements are removed from these faults so as to 
look at early fault movements and to reconstruct the associated 
folds. A detailed evaluation of cleavage then is undertaken. 
Normal faults are described last.

Poison Creek Thrust Fault

The Poison Creek name was introduced by Soregaroli 
(1961) for a fault that trends northwest along Poison Creek in 
the northwestern part of the study area (fig. 4). An unnamed, 
concealed thrust fault was shown by Anderson (1961) in a struc 
tural section across the southwest V4 of the Lemhi 15-minute 
quadrangle (fig. 2). The name Poison Creek thrust fault is here 
applied to both previously recognized faults, interpreted as seg 
ments of one continuous feature. The name Hawley Creek 
thrust fault was applied to part of the Poison Creek thrust fault in 
the Lemhi Range by Skipp (1987) in a regional reconnaissance 
paper and by Skipp (1988). Janecke and others (2000) contin 
ued this usage in the Lemhi Range in a recent regional recon 
naissance paper. The Hawley Creek name is not used for the 
fault because of reasons discussed in the last two paragraphs of 
this section of the present report.

Compressional Deformation 3
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Figure 3. Tectonic map showing major faults, thrust sheets and subsheets, and diagrammatic 
section across these structures of study area.

Soregaroli (1961) interpreted the Poison Creek fault as a 
high-angle reverse fault, which he described as dipping 68° S W. 
For an area directly south of Poison Peak, I used a three point 
construction to determine a dip of 30°-35° SW. (The profile of 
the present erosion surface from Poison Peak to Poison Creek is 
30°, indicating a minimum dip necessary for the fault.) Mea 
surement on a 25 m long exposure of the fault surface, parallel 
to the dip of the fault, yielded an inclination of 40° SW. The 
concealed segment of the fault mapped by Anderson (1961) in 
the Lemhi 15-minute quadrangle (fig. 2) displays the same 
structural relationships as in the northwestern part of the map 
area of figure 4.

The exposed part of the Poison Creek thrust fault, and the 
directly down-dip part of the fault illustrated in the cross sec 
tions (figs. 5, 6, and 7), shows the 30°-35° SW. dip of the fault. 
This inclined fault surface is interpreted to be only the ramp of 
a major thrust fault that transported hangingwall strata to the 
northeast. Beneath the depth of the cross sections, the fault 
surface likely becomes nearly horizontal, as shown diagram- 
matically in cross section A-A' of figure 3. Similarly, the fault 
surface is interpreted to have been nearly horizontal in nearly 
flat lying rock that has been eroded from above the nearly hori 
zontal strata that underlie the present land surface of the 
exposed part of the McDevitt Creek sheet footwall. The rocks

of the footwall McDevitt Creek sheet directly beneath the 
inclined part of the Poison Creek thrust fault thus constitute a 
footwall ramp; those beneath the (interpreted) nearly horizontal 
part of the fault constitute a footwall flat. The amount of hori 
zontal transport on the fault is unknown, although it could be 
several tens of kilometers.

The Poison Creek fault displaced Mesoproterozoic strata 
against lower Paleozoic formations composed of carbonate and 
quartzite (fig. 4) in the western part of the Lemhi Range. Areas 
of lower Paleozoic units occur discontinuously in the footwall 
from the Poison Peak area on the northwest to east of Hayden 
Creek on the east. Anderson (1961, pi. 1) showed the fault only 
in his cross section C-C', not on his geologic map of the Lemhi 
quadrangle (fig. 2) where the fault trace lies beneath Quaternary 
sediments, but he showed the same relationship of Mesoprotero 
zoic rocks displaced over lower Paleozoic strata as exists along 
the Poison Creek fault west of the Lemhi quadrangle. Strati- 
graphic displacement across the Poison Creek thrust fault is 
10,000-12,000m.

The Hawley Creek thrust fault was originally mapped by 
Lucchitta (1966) along the southwest flank of the Beaverhead 
Mountains east of Leadore (fig. 1). Skipp (1987) recognized 
that the Hawley Creek fault is a zone of thrust faulting that 
extends into the Lemhi Range. She applied the Hawley Creek

Compressional Deformation
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EXPLANATION
Qu Quaternary sediments, undivided
Tc Eocene Challis Volcanic Group
Rz Paleozoic carbonate rocks, undivided
Ok Ordovician Kinnikinic Quartzite

	Mesoproterozoic units 
Ylc Lawson Creek Formation 
Ys Swauger Formation 
Yg Gunsight Formation

	Apple Creek Formation 
Yab Banded siltite unit 
Yac Coarse siltite unit 
Yad Diamictite unit 
Yaf Fine siltite unit 
Yb Big Creek Formation

Contact
Normal fault—Dotted where concealed;

ball and bar on downthrown side;
arrows show relative lateral movement
directions; X, X1 , X", X1 " denote fault
segments discussed in text 

Tear fault—Dotted where concealed;
arrows show relative lateral movement
directions 

Thrust fault—Dotted where concealed;
sawteeth on upper plate 

Thrust fault with later normal
displacement—Dotted where
concealed; sawteeth on upper plate;
ball and bar on downthrown side 

Syncline—Showing trace of axial plane;
dotted where concealed 

Overturned synclinc—Showing trace
of axial plane

Anticline—Showing trace of axial plane 
Overturned anticline—Showing trace

of axial plane 
B——B' Cross section line

Strike and dip of beds 

^ Inclined 

-t- Vertical 

io Overturned

name to the zone in the Lemhi Range. I do not follow this usage 
in the Lemhi Range for the following two reasons:

1. The Poison Creek thrust fault displaced Mesoprotero 
zoic rocks over Paleozoic strata; Paleozoic strata are not part of 
the hangingwall sheet of the Poison Creek thrust fault. The geo 
logic map of Lucchitta (1966, pis. 1, 2) shows that the Hawley 
Creek fault has placed uppermost Mesoproterozoic rocks and 
depositionally overlying lower Paleozoic strata (and crosscut- 
ting Ordovician-Silurian granite) over younger Paleozoic rocks. 
In the Lemhi Range, this structural relationship is akin to one of 
the subsidiary imbricate thrust faults mapped by K.V. Evans, 
Falma Moye, and R.F. Hardyman (unpub. mapping, 1996) and 
Evans, K.I. Lund, and Tysdal (work in progress) in the McDevitt 
Creek sheet that is footwall to the Poison Creek thrust fault: lat 
est Mesoproterozoic and depositionally overlying lower Paleo 
zoic strata are thrust northeastward over lower Paleozoic and 
depositionally underlying Mesoproterozoic strata.

2. Stratigraphic separation on the Hawley Creek thrust fault 
of the Beaverhead Mountains, and that on the imbricate thrust 
faults in the McDevitt Creek sheet (footwall) mapped by K.V. 
Evans, Falma Moye, and R.F. Hardyman (unpub. mapping, 
1996) and Evans, K.I. Lund, and Tysdal (work in progress) in the 
Lemhi Range, are minor relative to that of the Poison Creek 
thrust fault. Therefore, the Hawley Creek sheet might be the 
appropriate name for the footwall sheet in the Lemhi Range. 
However, because the Hawley Creek thrust sheet probably con 
tains several footwall imbricate thrusts of a more major thrust 
fault that is equivalent to the Poison Creek thrust fault and that is 
concealed beneath the Leadore Valley, the Hawley Creek name is 
not used in the Lemhi Range. The position of the Poison Creek 
thrust fault concealed beneath the Leadore Valley is shown by 
Evans, K.I. Lund, and Tysdal (work in progress).

Hayden Creek and Bear Valley Faults

The Hayden Creek and Bear Valley faults in their present 
structural relationships are normal faults. The present offset is 
normal. However, I interpret the Hayden Creek fault to have 
formed initially as a splay from the Poison Creek thrust fault 
(fig. 3). The thrust displacement formed to relieve stress in 
tightly folded strata. The splay may have acted to dissipate slip 
on the Poison Creek thrust fault, a role for secondary thrusts 
suggested by Mitra (1990, p. 934). The Bear Valley fault also 
may have formed this way, but the present relationship is 
entirely normal displacement. The two faults merge in the 
northwestern part of the study area. Interpretation of the com 
plex pattern in the area of intersection, shown in cross section 
A—A1 (fig. 5), requires that description and interpretation of the 
individual faults be presented first.

Hayden Creek Fault

The Hayden Creek fault trends northwest across the study 
area (figs. 3,4). It is truncated by the Lem Peak normal fault on 
the southeast and merges with the Bear Valley fault on the north 
west. The fault dips moderately to the southwest in its south 
half, but in the northwest, the fault steepens to vertical, indicated 
by a fairly straight trend across terrain of considerable differen 
tial relief. Farther northwest, in the vicinity of the intersection 
with the Bear Valley fault, the dip of the Hayden Creek fault 
changes to steep northeast. The northeast dip is related to nor 
mal faulting of folded strata, as explained later. The Hayden 
Creek fault zone locally is marked by a several-meter-thick 
white fault gouge; in other places it contains veins, pods, and 
stringers of white vein quartz. These characteristics are indica 
tive of extension. In contrast, rocks on the northeast side of the 
fault indicate compressional deformation because of tight fold 
ing and intensely developed cleavage and shearing.

In the vicinity of Wright Creek (fig. 4), rocks on the south 
west side of the Hayden Creek fault form a northeast-facing 
salient, or "flap," over rocks east of the fault. The "flap" forms a 
hangingwall composed of the Mesoproterozoic Big Creek For 
mation and overlying lower strata of the fine siltite unit of the

Compressional Deformation 7
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EXPLANATION

Qu Quaternary sediments, undivided
Tc Eocene Challis Volcanic Group
Rz Paleozoic carbonate rocks, undivided
Ok Ordovician Kinnikinic Quartzite

	Mesoproterozoic units 
Ylc Lawson Creek Formation 
Ys Swauger Formation 
Yg Gunsight Formation

	Apple Creek Formation 
Yac Coarse siltite unit 
Yad Diamictite unit 
Yaf Fine siltite unit 
Yb Big Creek Formation

———— Contact 
_ _ _ _ _ Bedding

Normal fault—Arrow shows downward movement

Thrust fault—Arrow shows thrust movement

Thrust fault with later normal displacement—
Double-barbed arrow shows both directions 
of movement

Apple Creek Formation (fig. 8). There, footwall strata are com 
posed of the fine siltite unit and the diamictite unit of the Apple 
Creek Formation. Directly beneath the flap and to the northeast, 
footwall strata contain tight folds that display steep southwest- 
dipping axial planes. Northwest of the flap, this pattern of tight 
folds, some with overturned limbs, continues along strike for 
several kilometers. The folds are compressional structures, but 
the map pattern shows Apple Creek strata displaced over Gun- 
sight Formation, reflecting normal displacement on the Hayden 
Creek fault. Removal of the normal displacement, and calcula 
tions of thickness and structural orientation of strata of the flap 
relative to concealed strata of the fine siltite unit, indicate that a 
thrust relationship exists in the vicinity of the flap, as shown in 
cross section C-C' (fig. 8). Normal displacement was not suffi 
cient to reverse the thrust relationship. The following para 
graphs explain the analysis2.

On the map of Tysdal (1996b), the Yb/Yaf contact at the 
western margin of the flap (vicinity of Y-Y') was shown north 
east of where it is shown in figure 8, due to an error made in the 
original mapping. The Yb/Yaf contact near point Y is the cor 
rect location. The nearly vertical fault about 0.25 km northeast 
of the newly placed contact is of unknown magnitude. The fol 
lowing calculations make use of the newly placed contact. 
Using the contact as previously placed would only reinforce the 
conclusion concerning early thrust fault displacement.

1. Removal of the offset that now exists between the Yb/ 
Yaf contact of the flap and the Yb/Yaf contact directly north of 
the flap (fig. 8, points Y and Y') is accomplished by moving the 
hangingwall northeastward up the plane of the fault, which dips

The rock symbols of the map in figure 8 are used in the following 
explanation; otherwise, the unit terminology becomes too cumbersome: Yb, Big 
Creek Formation; Yaf, Apple Creek Formation, fine siltite unit.

about 45° SW. in the area of the flap, and for about 4 km to the 
northwest (fig. 8, section C-C'). This reconstruction results in 
the Yb/Yaf contact of the two subsheets becoming one contigu 
ous contact. The vertical distance from the Yb/Yaf contact of 
the footwall to the Yb/Yaf contact of the hangingwall is about 
700 m. Because the two legs of a 45° right-angle triangle are 
equal, the existing horizontal distance between the Yb/Yaf con 
tact of the hangingwall and the footwall also is about 700 m.

2. At the north edge of the flap (that is, north of the east- 
west part of the Hayden Creek fault), the northwest-striking Yaf 
unit disappears southward beneath ("dives under") the flap. Its 
upper strata and upper contact emerge about 2.5 km to the south 
east (fig. 8). The approximate location of the concealed Yab/ 
Yaf contact, traced on the map, must change trend from a north 
west strike north of the flap to an almost south strike beneath the 
flap to permit Yaf strata north of the flap to connect with Yaf 
strata southeast of the flap. (This change of direction cannot be 
due to topography because the steep to moderate northeast dips 
of unit Yaf beds would require that the concealed Yaf unit 
change direction to an east trend, and thus would have to crop 
out northeast of the flap.) The thickness of unit Yaf is about 900 
m, but because of internal folding and moderate dips, the unit 
appears somewhat thicker.

3. Considering the 45° SW.-dipping section of the Hayden 
Creek fault, removal of the offset that now exists between the 
Yb/Yaf contact at the south edge of the flap (fig. 8, point Z') and 
the concealed contact directly to the southwest (fig. 8, point Z) 
requires a horizontal component of movement of 1,050-1,200 
m. (And, because the two legs of a 45° right-angle triangle are 
equal, the vertical component of offset of the Yb/Yaf contact 
also is 1,050-1,200 m.) This measurement is considerably 
greater than the 700 m determined for the northern part of the 
flap.

4. The trace of the Yb/Yaf contact of the hangingwall flap 
does not trend south in concert with the Yb/Yaf contact in the 
concealed footwall, but continues its southeast orientation in 
agreement with the recorded strikes of the flap. No strikes 
observed anywhere within the hangingwall display the southerly 
trends required for agreement with the strikes required in the 
concealed Yaf unit of the footwall. No tight folding in the rocks 
of the flap is recorded that would permit the contact in the hang 
ingwall and footwall to accommodate the 45° difference in trend 
indicated in figure 8. But the two trends could be accommo 
dated if a fold, now cut out by the normal fault movement, had 
existed previously between the hangingwall flap and the foot- 
wall rocks. Overturned Yaf and Yb beds in the northwestern 
part of the footwall suggest that this possibility is real. The dif 
ference in strike orientation of beds in the hangingwall flap and 
the concealed footwall strata then could be accommodated by 
kinking of the fold. Such a structure would be compressional, in 
concert with observed minor structures of the footwall.

In any case, removal of 700 m of normal-slip displacement 
on Y-Y' is insufficient to account for all of the 1,050-1,200 m of 
reverse-slip offset along Z-Z'. Restoration of Y-Y' to a pre-nor 
mal-slip position yields a larger thrust fault relationship in the 
area of Z-Z'. This indicates that early thrust faulting took place 
and that later normal displacement was not sufficient to entirely 
reverse the thrust displacement.

Compressional Deformation 9
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METERS 

112,000

NO VERTICAL EXAGGERATION SECTION IS NOT SAME SCALE AS MAP

EXPLANATION
2 MILES Tc Eocene Challis Volcanic Group 

___| ft Paleozoic carbonate rocks, undivided 
"1 Mesoproterozoic units 

3 KILOMETERS Ylc Lawson Creek Formation 
Ys Swauger Formation 
Yg Gunsight Formation

Apple Creek Formation 
Yab Banded siltite unit 
Yac Coarse siltite unit 
Yad Diamictite unit 
Yaf Fine siltite unit 
Yb Big Creek Formation

Contact—Dashed where inferred 

Bedding

Incipient fault—Dotted where inferred; 
thrust and (or) normal fault restored to 
predisplacement position

Normal fault—Dotted where inferred; 
arrow shows downward movement

Thrust fault with later normal
displacement—Double-barbed arrow 
shows both directions of movement

Figure 6 (above and facing page). Cross sections B-B' and D-D' as reconstructed after normal-slip displacement 
removed from faults. Figure 9 shows the reconstructed segment of cross section A-A' for which normal-slip has been 
removed. No reconstruction is shown for cross section C-C'.

Bear Valley Fault

The Bear Valley fault trends northwest, dips to the south 
west, and is flanked on the northeast by the Basin Lake syncline 
(fig. 4). Features suggestive of extension are common along the 
fault. Intensely developed southwest-dipping cleavage is cut by

fractures that are filled with quartz veins as thick as 10 cm; 
quartz masses as much as 0.5 m across were observed in some 
areas. Chloritic alteration occurs in some areas and silicification 
was observed locally in the northern extent of the fault. Cobble- 
size pieces of undeformed specular hematite characterize float 
in both the northern and the southern extent of the fault.

10 Structural Geology, Western Lemhi Range, Idaho
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EXPLANATION
Qu Quaternary sediments, undivided 

Mesoproterozoic units
Apple Creek Formation 

Yad Diamictite unit 
Yaf Fine siltite unit 
Yb Big Creek Formation

———— Contact—Dotted where concealed
T— Normal fault—Dotted where concealed; 
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Figure 8. Geologic map and cross section of area where Hayden Creek fault shows both thrust and normal displacement. 
Vicinity of Wright Creek, south-central part of study area (fig. 4). See text for interpretation. Cross section C-C' is the same as 
that shown byTysdal (1996a), except that here the northeast end is truncated at the limit of the area shown in the map view. Y, 
Y', Z, and Z' are points of reference used in the interpretation of fault movements as discussed in the text. Quaternary unconsol- 
idated sediments are not shown on cross section. Concealed rocks of lower sheet shown. In cross section, double-barbed arrow 
along fault indicates thrust movement followed by later normal-slip displacement; light dashed lines, bedding.

The Bear Valley fault shows normal displacement in its 
present structural relationship (Tysdal, 1996a, 1996b). How 
ever, the fault may have formed originally as a minor thrust and 
later underwent normal-slip. Metasandstone within 100-300 m 
of the fault is intensely cleaved locally, whereas farther away the

cleavage is less intense. The intensely developed cleavage dips 
30°^100 SW., similar to the regional cleavage. In its southeast 
ern part, the fault is a zone that is entirely within the Big Creek 
Formation; footwall strata are not overturned, and I cannot 
determine the existence of compressional features. In the
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northwest part of the study area, overturned footwall strata of the 
Bear Valley fault host intensely developed cleavage that dips 
southward at moderate angles.

Abundant closely spaced folds (wavelengths 100-300 m) 
characterize deformation in the Basin Lake syncline along Hay- 
den Creek (fig. 4; fig. 5, cross section D-D'). The folds form 
pairs in the diamicite and coarse siltite units of the Apple Creek 
Formation in the lower part of the Bear Valley subsheet along 
Hayden Creek: the repeated pattern is of a closely spaced anti- 
cline-syncline pair separated by several hundred meters from 
another closely spaced fold pair. Folds in the coarse siltite unit 
of the hangingwall in the area directly east of Wright Creek are 
more open than those in the coarse siltite unit of the Apple Creek 
Formation in the footwall of the Bear Valley fault (Basin Lake 
subsheet) in the Hayden Creek area and southeastward. This 
contrast likely reflects the higher percentage of coarse siltite to 
fine-grained metasandstone beds in the Wright Creek area. 
Flowage is characteristic of the clay-rich fine-grained siltite 
between the coarser interbeds of the Wright Creek area and is 
characteristic of the diamictite of the Hayden-Alder Creek area.

Along the central extent of the Bear Valley fault, beds at the 
leading edge of the hangingwall steepen progressively (from 
southwest to northeast) toward the fault, in the process of rolling 
over to form the steep limb of an anticline that is the counterpart 
of the Basin Lake syncline (fig. 5, cross section B-B'}. Only part 
of the anticlinal limb is now preserved, and it is displaced to the 
southwest due to normal movement on the Bear Valley fault. 
The two folds form an anticline/syncline couple, sharing one 
fold limb that is referred to as the common limb.

Overturning of beds in the anticlinal limb of the fold-couple 
became so great locally that a minor thrust fault developed 
within the Bear Valley subsheet directly west of Wright Creek 
(fig. 4). This minor thrust fault, directly northeast of the north 
east end of section C-C' (fig. 4), developed at the upper contact 
of the diamictite unit and displaced the diamictite unit onto over 
turned strata of the coarse siltite unit, both of the Apple Creek 
Formation. The minor thrust fault gives way northwestward to 
an overturned anticline, then an upright anticline. The actual 
connection of the thrust segment with the anticline is an interpre 
tation in an area of poor exposures, but the strata are consistently 
overturned for the full 3 km of the trend. Southeast from Wright 
Creek, the minor thrust fault is covered; directly west of Hayden 
Creek, the contact is depositional.

The Bear Valley fault formed along the axial area of the 
anticline/syncline fold-couple that is seen along the central area 
of the Bear Valley fault. The cross sections of figure 6 are recon 
structions across this central area after removal of the normal- 
slip shown in the faults of figure 5, and with the anticline of the 
fold-couple placed above the syncline. This depicts the fold at 
an initiation point of thrusting to the northeast or normal-slip 
displacement to the southwest. The Bear Valley fault, northeast 
of cross section C-C', is covered by volcanic rocks and the dip 
there is uncertain, but it probably is similar to sections B-B' and 
D-D'. These sections show that the fault developed along the 
common, stretched limb of the fold-couple. (Its dip has been 
reinterpreted—decreased—from that shown on the map of 
Tysdal (1996b) to be similar to that in cross sections B-B' and 
D-D' of fig. 6.)

Normal-fault movement of the hangingwall placed strata 
from a higher structural level of the fold-couple (southwest of 
the fault) adjacent to rocks of the lower structural level on the 
footwall Basin Lake subsheet (northeast of the fault) (fig. 5, 
cross section B-B'). The lowest structural level exposed along 
the Bear Valley fault is in the southeast, the highest level in the 
northwest. Similarly, older strata are most extensively exposed 
in the southeast and younger strata in the northwest. From 
southeast to northwest, the reconstructed cross sections of figure 
6 permit an along-structure (as opposed to down-structure) view 
of the Bear Valley fault and the now-separated limbs of the fold- 
couple from deeper to shallower structural levels. The fault cuts 
upward from the Big Creek Formation, along the extended com 
mon limb of the anticline/syncline fold-couple (fig. 6, cross sec 
tion D-D'), and farther upward through the diamictite unit of 
the Apple Creek Formation and into younger strata of the coarse 
siltite unit of the formation (fig. 6, cross section B-B').

Restoration to Pre-Normal Fault Displacement

The Bear Valley and Hayden Creek faults have been 
restored to pre-normal-slip geometries (1) to give an indication 
of the scale of structures in the area and in the larger region (fig. 
6); (2) to give an indication of the type and scale of folding 
present; (3) to show the relationships of faults to the major fold 
of the study area, placing them in a perspective that permits an 
interpretation of their origin; and (4) to provide a way to inter 
pret stereonet data—which reflect compressional deformation— 
from fold components that are in their approximate relative 
positions at the end of compression and just prior to extensional 
deformation. The pre-restored cross sections (fig. 5) were con 
structed at a scale of 1:24,000 and accompanied the published 
geologic maps (Tysdal, 1996a, 1996b, 1996c; Tysdal and Moye, 
1996) of the study area. For this study, the northeast end of sec 
tion A-A', which appeared only on the map of Tysdal and Moye 
(1996), is extended about 2 km farther northeast into the Lem 
Peak quadrangle (Tysdal, 1996b) than the limit originally pub 
lished. Slight modifications have been made to the deeper part 
of some faults in the cross sections.

In an attempt to reconstruct the structural situation prior to 
extensional faulting, normal displacement on faults has been 
removed and the sections reconstructed as shown in figures 6 
and 7. Normal faults in the thrust belt of western Montana and 
central Idaho are known to be listric in shape, as indicated by 
seismic data, and those of the study area are interpreted to be 
listric at depth, as shown schematically in figure 3. But within 
the depths depicted in the cross sections (fig. 5), only a slight 
curvature is shown for most of the normal faults. The scale of 
structures in the hinterland of the Cordilleran thrust belt is large, 
considerably more so than to the east in the leading part of the 
thrust belt. The normal faults have a large radius of curvature 
and cut deep into the crust before flattening out. (See for 
example the many cross sections of Harrison and Cressman 
(1993) in the hinterland of the thrust belt in northwestern 
Montana.) Hence, in removing the normal displacement from 
faults, fault attitudes determined during mapping and construc 
tion of the cross sections were maintained. For the amount of
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displacement removed, fault curvature is small and was not 
incorporated into the reconstructions.

The normally displaced strata were moved up the fault 
plane until contacts of the hangingwall aligned with those of the 
footwall. This procedure is not as satisfactory as I would like 
because erosion occurred after normal displacement had taken 
place; hence, the restored cross sections contain a "gap" above 
the present ground surface of the footwall of each fault. This 
gap was minimized as much as possible and still allow a reason 
able reconstruction. I recognize, however, that the amount of 
eroded rock (thus, the gap) could be considerably greater than 
interpreted. Downsection viewing, and projection of structure 
into each restored cross section, afforded some measure of con 
trol. In some cases, extensive, thick sequences of the Challis 
Volcanic Group were deposited on the erosion surfaces in the 
Eocene, thus arresting erosion of the Proterozoic bedrock. 
Some of the bedrock has only recently been exhumed, lessening 
the amount of interpreted erosion. Despite the uncertainties, the 
general style and magnitude of the fold are quite apparent and 
would not change even assuming three to four times the amount 
of erosion depicted in the reconstructed sections.

The diamictite unit of the Apple Creek Formation also 
adds uncertainty to the reconstruction of the cross sections, 
because it deformed plastically during folding, owing to its 
high content of clay and fine silt. It is isoclinally folded at 
least locally and overthickened in the core of the fold depicted 
in the restored sections, particularly in cross section D-D' (fig. 
6). Further, the unit thins rapidly to the northwest, due to its 
depositional pattern. A northwest-southeast cross section, 
which would be normal to the interpreted tectonic transport 
direction of the unit, would show a lens shape, the unit thin 
ning to both the northwest and the southeast. These character 
istics are reflected in the cross sections.

Poison Creek Anticline

The reconstructed cross sections indicate that the map area 
in the northern part of the Lemhi Range is the hangingwall of 
the Poison Creek thrust fault and that the strata originally 
formed a very large anticline. The fold may have had a radius of 
as much as 10,000-12,000 m (fig. 7). Such a large fold is of a 
reasonable scale in the hinterland of the Cordilleran overthrust 
belt. For example, the cross sections of Harrison and Cressman 
(1993) show folds of this size in the Mesoproterozoic strata of 
northwestern Montana.

The now-disrupted megafold, named the Poison Creek 
anticline, lies above the footwall ramp of the Poison Creek 
thrust fault and is interpreted as a fault-propagation fold. 
Folds so classified are steep to overturned structures of the 
hangingwall of a propagating thrust fault with which they 
grow contemporaneously, initiating from the fault tip (Suppe, 
1983, 1985). The Poison Creek fault and fold have not been 
traced to or near their point of zero displacement, thus this 
fault-fold classification is inferred. However, the fault does 
lack a footwall syncline, a feature that characteristically is 
lacking from models of "traditional" fault-propagation folds 
(McNaught and Mitra, 1993).

Figure 7 shows the relationship of the Poison Creek hang 
ingwall thrust sheet to the nearly flatlying footwall strata of the 
McDevitt Creek sheet. In figure 7, the reconstructed hanging- 
wall anticline of cross section B-B' shown in figure 6 is 
extended northeast from B' toB". Strata of the Gunsight For 
mation exposed at the surface of the B'-B" extension are 
thought to be in the uppermost part of the formation; hence, the 
inferred Gunsight-Swauger contact is shown above the ground 
surface of figure 7's cross section B'-B". Concealed Swauger 
strata shown in the cross section are of approximately the cor 
rect thickness for the formation. Their placement in the cross 
section also is in agreement with their projection into the plane 
of section B-B'-B" from the footwall strata northeast from point 
A' of cross section A-A', in the McDevitt Creek sheet north of 
the study area. North of the study area, in the Poison Peak 7.5- 
minute quadrangle (fig. 2), mapping by G.R. Winkler showed 
that footwall Gunsight strata dip 6°-10° southward for more 
than 10 km into the southern part of the quadrangle, where the 
Swauger-Gunsight contact is preserved and displays a similar 
inclination. Exposed Gunsight strata of the cross section B'-B" 
extension show the low dips of the Gunsight, but no Swauger 
strata are exposed. Within the study area, the Poison Creek 
sheet overlies a footwall ramp; northeastward, the footwall ramp 
probably gave way to a footwall-flat (now eroded), based on the 
gentle dips of the Gunsight strata in the footwall, as described 
previously.

The stratigraphic height of a ramp is approximately equal 
to the height of the associated fold, as measured from anticlinal 
crest to synclinal trough, for both fault-bend and fault-propaga 
tion folds (Jamison, 1992, p. 156). The reconstructed Poison 
Creek anticline has an amplitude of at least 10,500 m. Calcula 
tion of the fold height assumes that the entire thicknesses of the 
Swauger (3,100 m) plus the banded siltite unit of the Apple 
Creek Formation (1,500 m) (table 1) were present at the time of 
thrusting but now are eroded from the Poison Creek sheet within 
the Lemhi Range. Along the trace of the Poison Creek thrust 
fault in the Lemhi Range, upper strata of the coarse siltite unit of 
the Apple Creek are in thrust contact above Paleozoic strata as 
young as the Middle Ordovician to Lower Silurian Saturday 
Mountain Formation. Consequently, the Poison Creek thrust 
fault has cut upsection about 7,500 m through the hangingwall 
rocks. This makes for a discrepancy of about 3,000 m (7,500 m 
versus 10,500 m) between the fold estimate and the demon 
strable stratigraphic displacement across the Poison Creek fault. 
The difference, or a large part of it, may be reconciled by addi 
tion of the stratigraphic displacement on the subsidiary thrust 
faults to the 7,500 m. Further, the 10,500 m figure is not an 
anticlinal-crest-to-synclinal-trough measurement—that distance 
must be considerably greater than 10,500 m.

Relationship of Poison Creek Anticline and 
Basin Lake Syncline

The Basin Lake syncline occurs between the Poison 
Creek thrust fault and the Bear Valley fault. The syncline, dis 
cussed previously, was interpreted as part of a compressional
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fold-couple related to the Bear Valley fault, formed prior to 
normal displacement on that fault. Three explanations for the 
occurrence of the syncline adjacent to the Poison Creek fault 
are considered.

1. The syncline formed in the hangingwall of the thrust 
sheet during regional compression. In discussing fault-propa 
gation folding, Suppe and Medwedeff (1990, p. 422) reported 
that it is particularly common for a thrust fault to break through 
strata at an angle that is less than the dips of the synclinal and 
anticlinal axial surfaces, illustrating the observation with a syn 
cline in the leading part of the hangingwall of the Absaroka 
thrust fault of southeastern Idaho. Similarly, Mitra (1990, p. 
933) stated that the occurrence of a syncline in the hanging- 
wall or the footwall of a thrust fault depends on whether the 
fault propagated through the footwall or the anticlinal forelimb 
(Mitra, 1990, p. 933), and that a syncline may be transported as 
part of the hangingwall of the thrust sheet—a translated fault- 
propagation fold. Building on the observations of these 
authors, I suspect that the Basin Lake syncline may have 
formed early in the developing compressional deformation of 
the area. Once the anticline and syncline of the fold-couple 
associated with the Bear Valley fault had formed, minor com 
pressional displacement ceased on the Bear Valley fault. The 
Poison Creek thrust fault then splayed from near the base of the 
Bear Valley fault as a thrust imbricate, which proceeded to 
develop into a major thrust fault that propagated northeastward 
along beds of the southwest-dipping limb of the Basin Lake 
syncline. With this scenario, the syncline would be preserved 
within the hangingwall of the Poison Creek thrust fault.

2. Subsequent to thrusting, normal displacement on the 
Poison Creek fault occurred, which accentuated the Basin Lake 
syncline. This possibility can be evaluated only in the north 
western part of the study area, where bedrock is widely exposed 
in both the hangingwall and footwall of the Poison Creek thrust 
fault. No direct evidence of back-slip (normal displacement) 
was found during fieldwork, although some amount of back-slip 
cannot be ruled out. This explanation requires that the northeast 
limb of the syncline steepened its southwest inclination during 
rotation, and that mesoscopic folds and axial-plane cleavage of 
the limb also were rotated. Axial planes of mesoscopic folds and 
the related cleavage in the Apple Creek Formation of the hang 
ingwall adjacent to the thrust fault dip southwest and are about 
coplanar with the plane of the fault; this suggests that rotation of 
the hangingwall limb of the syncline is not significant.

3. An unrecognized normal fault lies between the Poison 
Creek thrust fault and the axis of the Basin Lake syncline. Bed 
rock widely exposed between the Poison Creek thrust fault and 
the axis of the Basin Lake syncline (fig. 4), entirely of the coarse 
siltite unit of the Apple Creek Formation, contains areas of lim 
ited exposure south of Phantom Creek in which a normal fault 
could be present but unrecognized. (The fault, if it exists, is not 
shown in fig. 4 or in cross section A—A' of fig. 5.) Such a normal 
fault likely would have curved at depth and merged with the Poi 
son Creek thrust fault. This possibility would permit accentua 
tion of the syncline and normal displacement on much of the 
Poison Creek thrust fault.

Possibility (1), a hangingwall fold, is favored here. Possi 
bility (2), back-slip on at least the exposed part of the Poison 
Creek thrust fault, appears to be least likely. Possibility (3), an
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unrecognized normal fault south of Phantom Creek, could exist. 
Two directions of movement on the Poison Creek fault are indi 
cated in the cross sections, to accommodate at least some nor 
mal displacement on the Poison Creek thrust fault. The double 
symbol also illustrates the widespread occurrence of extensional 
movement on thrust faults subsequent to compressional defor 
mation in the study area and regionally.

Intersection of Hayden Creek and Bear Valley Faults

The Hayden Creek and Bear Valley faults join in the 
northwestern part of the map area (fig. 4), vicinity of cross 
section A-A' (fig. 5). The fault pattern in the cross section is 
much simplified from that shown by Tysdal and Moye (1996). 
A possible configuration of faults prior to normal displace 
ment, along with a related fold, is shown in figure 9 and is 
interpreted in this section.

North of the Bear Valley fault, and west of cross section 
line A-A' (fig. 4), bedding and folds, including the Basin Lake 
syncline, trend westerly in concert with the westerly strike of 
the Bear Valley fault. These footwall structures related to the 
Bear Valley fault are in structurally low strata of the anticline/ 
syncline fold-couple. South of the Bear Valley fault (and west 
of cross section line A-A', fig. 4), beds strike northwest and are 
cut off by the Bear Valley fault. These hangingwall structures 
related to the Bear Valley fault are a structurally high part of the 
fold-couple, even though they may be topographically lower, 
and trend northwest in contrast to the westerly trends of the 
footwall strata. Figure 9 shows an interpreted fold-couple with 
progressively increasing deformation toward the west. Hang 
ingwall strata have been moved up the Bear Valley fault to their 
interpreted pre-normal-slip position. Down-to-the-south 
normal-slip on an incipient Bear Valley fault (dashed in fig. 9), 
which trends about parallel to the synclinal axis, would leave 
northwest-striking rocks on the south juxtaposed against west 
erly-striking rocks (including overturned beds) on the north, 
much as shown in figure 4. An incipient Hayden Creek normal 
fault is shown on the west side of the Bear Valley fault.

Interpretation of the fault pattern shown in cross section A- 
A' (fig. 5) assumes that the Hayden Creek and Bear Valley faults 
formed originally as compressional features, but that offset of 
the fold-couple was minor. Figure 9 shows how these faults 
may have appeared just prior to normal-slip during extensional 
failure of the nose area of the anticline of the fold-couple. 
Minor thrust displacement that is suspected to have taken place 
on these faults prior to normal-slip is not shown in the illustra 
tion—any such thrust displacement has been removed by back- 
slip to the positions depicted in the reconstruction illustrated. 
The interpretive cross section is speculative, of course, because 
the pre-faulting rocks have been eroded; down-structure rela 
tionships are not available for projection into a cross-sectional 
plane to aid the reconstruction.

Normal-Slip on Bear Valley Fault

Normal-slip on the Bear Valley fault developed along the 
overturned segment of the anticlinal limb of the fold-couple.



Figure 9. Diagrammatic sketch of fold and incipient faults interpreted to have existed just prior to normal displace 
ment on the Hayden Creek and Bear Valley faults, cross section A-A' in northwestern part of study area. Strike and 
dip symbols show areas of right-side-up and overturned beds. Dotted lines are used to emphasize shape of fold. See 
text for explanation.

The overturned segment is present (or was present) in the north 
western part of the study area (west of Basin Lake, fig. 4). 
Along the central extent of the fault (southeastern part of Lem 
Peak quadrangle and northern part of Mogg Mountain quadran 
gle, fig. 2), the anticlinal limb becomes vertical or dips steeply 
to the northeast. But the fault maintained the southwestward 
inclination and permited down-to-the-south(west) displacement 
of hangingwall strata of the Bear Valley subsheet.

When rock of the Bear Valley subsheet east of the Payne 
Creek fault (figs. 3, 4) is moved northeast, into restored fold 
position (just before the fold was broken along the Bear Val 
ley fault), normal-slip on the fault appears to have initiated 
along overturned diamictite strata of the Apple Creek Forma 
tion in the steepest part of the common limb of the fold- 
couple. In the area of Hayden Creek, the estimated minimum 
normal-slip displacement of the Bear Valley subsheet is 4 km 
east of the Payne Creek fault and about 5.5 km west of it. 
My impression is that displacement on the Bear Valley fault in 
the Hayden Creek area may be greater than that in the Basin 
Lake area; thus, the Basin Lake area is a pivot area for the 
Bear Valley subsheet.

Intersection of Structures in Northwestern Part 
of Map Area

The overall pattern of compressional faults and folds shows 
a convergence toward the northwest, toward the Poison Creek 
thrust fault (figs. 3, 4). The Bear Valley and Hayden Creek 
faults, and the Basin Lake syncline, all strike at a small angle to 
the Poison Creek thrust. This is the case even after normal dis 
placement has been removed from the Bear Valley and Hayden 
Creek faults and the strike of the structures is adjusted for the 
Hayden Creek fault cutting downsection to the northwest. (1) 
One possible cause of the convergence is slightly oblique trans 
port of the Poison Creek sheet over the footwall rocks, resulting 
in formation of the Bear Valley and Hayden Creek faults. (2) 
Another possibility is a northwestward steepening of the Poison 
Creek thrust fault toward the northwest due to the existence of 
resistant Ordovician dolomite and quartzite in the footwall 
(McDevitt Creek sheet). In either case, the oldest rocks of the 
Poison Peak sheet are exposed closer to the fault in the north 
western part of the map area because they moved farther up the 
thrust plane there than strata to the southeast.
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Stereonet Data

Stereonet data were plotted to aid interpretation of the com- 
pressional history of the study area. The central Idaho region 
underwent compression during Cretaceous orogeny, but Meso- 
proterozoic compressional deformation also has been reported 
(for example, Evans, 1986; Evans and Zartman, 1990). A goal 
of the geologic mapping and structural studies was to collect suf 
ficient data to determine if rocks of the study area had undergone 
more than one compressional deformation. Bedding and cleav 
age elements were compiled for each of the structural sheets, the 
subsheets, and the block shown in figure 3.

Structural data from all subsheets of the Poison Creek 
thrust sheet were compiled into one data set each for bedding 
and for cleavage, permitting comparison of data from an individ 
ual subsheet with that of other subsheets and with that for the 
entire thrust sheet (figs. 10, 11). Cleavage data from the part of 
the McDevitt Creek thrust sheet directly north of the trace of the 
Poison Creek thrust fault also are shown in a stereoplot and com 
pared with data from the Poison Creek thrust sheet. Data from 
the Lem Peak block are considered only in a general way 
because (1) the block has only sparse observations, (2) data exist 
mainly for the leading area of the block, and (3) the block under 
went a large amount of normal-slip displacement that may have 
been accompanied by a significant component of rotation of the 
block or parts of it.

In the initial stages of data compilation and analysis, stereo- 
plots of bedding and cleavage were constructed for each individ 
ual formation and formational unit within each sheet and 
subsheet. The compiled data showed that structural orientations 
for these individual formations were virtually identical with 
those for the aggregate of all formations and rock units within 
each sheet or subsheet. Hence, only stereoplots of the aggre 
gated data are presented (except for fig. 1 IE, F). Bedding for 
the Poison Creek sheet and subsheets is shown in figure 10A-D, 
and cleavage for the sheet and subsheets is shown in figure 11A— 
D. An exception is made for cleavage data from the diamictite 
unit of the Apple Creek Formation, which is shown in the stereo- 
plots of figure 1 IE-H. These data are illustrated because the 
diamictite recorded cleavage more readily than did the other 
Proterozoic rock units, probably because of its generally finer 
grain size, and would be more likely to preserve structural ele 
ments of more than one compressional event, should more than 
one have taken place. Cleavage data for lower Paleozoic carbon 
ate strata in the rearward part of the McDevitt Creek sheet are 
shown in the stereoplot of figure 1 1/. This data set is compared 
with the cleavage measured in the Mesoproterozoic rocks in the 
northeastern part of the directly overlying Poison Creek thrust 
sheet (that is, the northeastern part of the Basin Lake subsheet), 
shown in figure 1 IK.

Bedding

Bedding data for each lithology and each thrust sheet show 
a high degree of consistency of orientation properties among the 
different rock types within each subsheet, and among the differ 
ent subsheets. Poles to bedding for the Poison Creek thrust sheet

(fig. 10A) depict a girdle distribution oriented northeast-south 
west. This pattern reflects the broad, overall shape of the for 
ward part of the large anticline reconstructed by removing the 
normal displacement from the Hayden Creek and Bear Valley 
faults (fig. 7). The concentration of data points in the southwest 
quadrant reflects the generally steep-to-the-northeast dips char 
acteristic of all three subsheets that are a part of the Poison 
Creek anticline. Beds of the Hayden Creek subsheet (fig. 1GB) 
all dip steeply. Beds of the Bear Valley subsheet (fig. 10C) show 
a girdle distribution that records the many small anticlines and 
synclines formed in the argillite and argillaceous siltite of the 
diamictite unit of the Apple Creek Formation. These small folds 
formed in the footwall of the Hayden Creek fault and formed in 
the same stress field that formed the larger Poison Creek anti 
cline. Beds of the Basin Lake subsheet (fig. IOD) show a range 
of dips from vertical to nearly horizontal, a distribution reflect 
ing the low to moderate dips of the Basin Lake syncline as well 
as the steep dips in the footwall of the Bear Valley fault.

The plot of poles to bedding for the Bear Valley and Basin 
Lake subsheets displays a fairly narrow belt (girdle) of poles to 
bedding (fig. 10C, D). The concentration of data points in the 
Hayden Creek subsheet does not show a girdle distribution, but 
the concentration of data points lies within the girdles defined in g 
the other two subsheets. This is well shown in the girdle distri 
bution for the Poison Creek thrust sheet as a whole (fig. 10A). 
None of the diagrams of bedding is suggestive of more than one 
orientation of stress field. Some individual plots have somewhat 
more scatter of poles than composite diagrams for each subsheet 
or for the three subsheets combined, but this is only for a few 
poles at the 1 percent contour interval used.

Cleavage

Cleavage data for the Poison Creek thrust sheet and for 
each lithology within the sheet show a high degree of consis 
tency of orientation properties among the different rock types 
within each subsheet, and among the different subsheets. Poles 
to cleavage for the Poison Creek thrust sheet (fig. 1 1A) depict a 
point maxima in the northeast quadrant, which becomes diffuse 
toward the northeast limit of the quadrant. This pattern reflects 
the consistent northwest strike of cleavage and abundance of 
30°-60° dips to the southwest. The cleavage of each subsheet 
differs somewhat in its steepness of dip. This likely reflects (1) 
that the subsheets constitute different parts of the megafold. 
The subsheets are now juxtaposed along faults that display sig 
nificant normal displacement, but the structures within the sub- 
sheets were formed when the subsheets were in structural 
positions different from those where they now reside. (2) The 
differing steepness of dip of cleavage among the subsheets also 
probably reflects the tendency of cleavage to become asymp 
totic to thrust faults. This is particularly true for rocks in the 
vicinity of cross section B-B' (fig. 5), where the cleavage 
becomes shallower at depth as the Bear Valley fault is 
appoached. In general, the shallowest dipping cleavage is in the 
footwall of the Bear Valley fault (Basin Lake subsheet) and in 
the overturned strata of the anticline/syncline fold-couple of the 
Bear Valley and Basin Lake subsheets. The dips are mostly in
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n=719

A Poison Creek sheet—bedding (all rock units)

n = 288

C Bear Valley subsheet—bedding (all rock units)

n = 210

B Hayden Creek subsheet—bedding (all rock units)

n = 221

D Basin Lake subsheet—bedding (all rock units)

Figure 10. Stereonet plots of bedding. Views A-D are discussed in text and identified in figure for visual clarity.

the 25°—35° range. Steeper dips are common in the upright part 
of the anticline of the fold-couple, throughout most of the Bear 
Valley subsheet and the remainder of the study area. These 
observations are in agreement with findings of Mitra and Elliott 
(1980) that cleavage within a thrust sheet can be followed down 
ward and is asymptotic to the thrust plane, suggesting that 
thrusts approximate planes of maximum shearing strain.

Poles to cleavage of the Hayden Creek subsheet (fig. 1 IB} 
are highly focused about a point maxima in the northeasternmost

part of the northeast quadrant. The poles record steep dips (70°- 
90°) of cleavage to the southwest. The cleavage is mostly 
recorded from the Big Creek Formation (Yb, fig. 4). Poles to 
cleavage of the Bear Valley subsheet (fig. 11C) show two point 
maxima, in part a combination of the point maxima depicted for 
the Hayden Creek and Basin Lake subsheets. Poles to cleavage 
of the Big Creek Formation and the fine siltite of the Apple 
Creek Formation are most common in the point maxima nearest 
the center of the diagram. Poles to cleavage of the diamictite
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n = 575
* Coarse siltite unit of Apple Creek Formation
0 Diamictite unit of Apple Creek Formation
n Fine siltite unit of Apple Creek Formation, and Big Creek Formation

A Poison Creek sheet—cleavage (all rock units)

n= 102
* Coarse siltite unit of Apple Creek Formation
° Diamictite unit of Apple Creek Formation
° Fine siltite unit of Apple Creek Formation, and Big Creek Formation

B Hayden Creek subsheet—cleavage (all rock units)

n = 233
* Coarse siltite unit of Apple Creek Formation
o Diamictite unit of Apple Creek Formation
D Fine siltite unit of Apple Creek Formation, and Big Creek Formation

C Bear Valley subsheet—cleavage (all rock units)

N

n = 240
* Coarse siltite unit of Apple Creek Formation
° Diamictite unit of Apple Creek Formation
D Fine siltite unit of Apple Creek Formation, and Big Creek Formation

D Basin Lake subsheet—cleavage (all rock units)

Figure 11 (above, facing page, and overleaf). Stereonet plots of cleavage. Views A-Kare discussed in text and identified in figure for visual clarity. 
There is no Stereonet plot for the letter /.

unit of the Apple Creek are most common in the point maxima 
near the outer part of the quadrant, reflecting steeper dips of 
cleavage. However, poles of the diamictite also range into the 
area of the more central point maxima. Poles to cleavage of the
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coarse siltite unit of the Apple Creek are approximately of the 
same concentration in the area of both maximas. Poles to 
cleavage in the Basin Lake subsheet (fig. 1 ID) show a bullseye- 
pattern point maxima in the northeast quadrant. Southwest dips



n=204
• Bear Valley subsheet 
° Basin Lake subsheet

E Bear Valley and Basin Lake subsheets—unrelated 
cleavage (for all stalions in diamiclile unil of Apple 
Creek Formation)

n = 53
Bear Valley subsheet 
Basin Lake subsheet

Bear Valley and Basin Lake subsheets—rotated 
cleavage (for 53 selected stations in diamictite unit 
of Apple Creek Formation)

n = 53
• Bear Valley subsheet 
0 Basin Lake subsheet

F Bear Valley and Basin Lake subsheets—unrelated 
cleavage (for 53 selected stations in diamictite 
unit of Apple Creek Formation)

are in the range of 30°-60°. Strata from which these data were 
obtained include all units of the Apple Creek Formation, but 
none from the Big Creek Formation. Poles to cleavage for each 
of the three units of the Apple Creek Formation are intimately 
mixed within the point maxima, such that the poles to cleavage

n = 9
• Unrotated cleavage 
a Rotated cleavage

H Bear Valley subsheel—rolaled and unrolaled 
cleavage (for 9 of 53 selecled slalions in dia 
miclile unil of Apple Creek Formalion); numbers 
show individual dala poinls before and after 
rotation

of any one of the rock units would define very nearly the same 
point maxima.

The foregoing data, however, suggest that lithology exerts 
some control on the dip of cleavage in the different thrust sheets. 
Diamictite, with its finer grain size of argillite to fine silt,
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n = 84
» Limestone 
D Dolomite

McDevitt Creek sheet—cleavage (Paleozoic 
carbonate rocks)

Basin Lake subsheet, leading part—cleavage 
(coarse siltite unit of Apple Creek Formation)

Figure 11—Continued. Stereo net plots of cleavage.

deformed more readily than the coarser grained rocks. This is 
also indicated by the intensely developed cleavage within the 
fine strata of the diamictite unit, whereas interbeds of coarse 
grained siltite to fine-grained metasandstone are not so well 
cleaved. The argillite and fine siltite tend to flow to relieve 
stress, facilitating development of steeply inclined cleavage. 
None of the diagrams of poles to cleavage is suggestive of more 
than one general orientation of stress field of deformation.

Cleavage in Diamictite

The diamictite unit of the Apple Creek Formation recorded 
cleavage more readily than did the other Proterozoic rock units, 
probably because of its generally finer grain size. For this rea 
son, the diamictite unit was selected for further study because it 
would be more likely to preserve structural elements of more 
than one compressional event, should more than one have taken 
place. Nearly all the diamictite of the study area occurs within 
the Bear Valley and Basin Lake subsheets, which are separated 
by the Bear Valley fault (fig. 4). With respect to the Bear Valley 
fault, cleavage of the Bear Valley subsheet primarily is in the 
hangingwall anticline, that of the Basin Lake subsheet in the 
footwall syncline. Diamictite crops out mainly in the southeast 
ern part of the mapped limits of the Basin Lake subsheet, 
directly beneath the Bear Valley fault (fig. 4). (Diamictite is 
concealed beneath Quaternary sediments and Tertiary volcanic 
rocks in much of the subsheet.) The data reflect a concentration 
of observations from the Hay den Creek area, owing to the good 
exposures of tightly folded rocks and to the interbeds from 
which bedding attitudes could be measured. Interbeds were 
more difficult to find in other outcrop areas of the diamictite unit 
of the subsheet. In contrast, cleavage in diamictite of the Bear 
Valley subsheet is representative of much of the length of the 
hangingwall anticline owing to the extensive exposures of the 
subsheet.

The distribution of poles to cleavage for the diamictite (fig. 
1 IE) is a pattern expected for progressive southwest-to-north 
east rollover. A more uniform northeast-southwest spread of 
cleavage dips might be expected, but the strata of the Bear Val 
ley subsheet represent mainly the steeply dipping to overturned 
forelimb of the anticline and those of the Basin Lake subsheet 
represent mainly the steep southwestern part of the syncline. 
The remainder of the anticline has been eroded, and the moder 
ately dipping part of the syncline is covered by volcanic rocks 
and Quaternary sediments.

Interpretation of Cleavage in Diamictite

Cleavage in the diamictite unit shows no readily apparent 
consistent geometric relationship to bedding orientation, as 
would be expected if cleavage formed prior to folding. The 
general approach leading to this conclusion is presented in the 
following paragraph, with a more detailed presentation and 
interpretation following.

An examination was made of stereoplots of poles to cleav 
age for which both cleavage and bedding orientations were 
obtained from the same outcrop of the diamictite unit. The 
poles to cleavage were plotted for the 53 stations that yielded 
both bedding and cleavage data. Poles to cleavage as recorded 
in the field for these stations are displayed in figure 1 IF. The 
poles to cleavage for each of the 53 beds were then plotted after 
the corresponding bed was rotated to horizontal (and upward 
facing), shown in figure 11G. The rotated data show two 
domains, representing the anticlinal and synclinal limbs present 
in the two subsheets. In both domains, poles to cleavage are 
broadly distributed along a northeast-southwest trend,
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indicating the general northwest strike of cleavage, and are most 
abundant in the southwest quadrant (fig. 11G). Cleavage dips 
range across a spectrum from nearly vertical to nearly horizon 
tal, a pattern that is not consistent with uniform layer-parallel 
shear developed prior to folding. This unfolding of beds and 
cleavage to determine if cleavage revealed a prior deformation 
does not adjust for fold plunge, which is 0°-10° in the map area. 
The unfolded cleavage would not reveal deformations other than 
the prefolding that it was designed to determine. Because the 
cleavage strikes northwest, both in outcrops and in each bed 
after being rotated to horizontal, the strata are unlikely to have 
undergone a deformation wherein an axis of folding deviated 
significantly from a northwest trend.

The comparison of stereoplots of poles to cleavage as mea 
sured in the field (that is, unrelated) was made for the 53 stations 
(fig. 1 IF) with the same beds after they were individually rotated 
(about their respective strikes) to horizontal (fig. 11G). The dis 
tribution pattern of poles is similar in the two figures, except that 
the concentration of poles occurs in opposing quadrants.

The unrelated poles to cleavage (fig. 1 IF) clearly show two 
point maxima: one is for the domain of the anticlinal limb on the 
Bear Valley subsheet, the other for the synclinal limb on the 
Basin Lake subsheet. Figure 1 IF shows much the same pattern 
as the 204 poles of figure 1 IE, which contains all the cleavage 
observations recorded from the diamictite of both subsheets. 
(The 53 poles to cleavage shown in fig. 1 IF and G are a subset 
of these 204 poles.)

The plots of unrelated poles (fig. 1 IF) and rotated poles 
(fig. 11G) are quite similar, bul only in appearance, nol in sub- 
slance. The plol of cleavage as recorded in me field (fig. 1 IF) 
shows thai Ihe 21 slalions of Ihe Basin Lake subsheel define a 
poinl maxima of highly concentrated poles in Ihe northeast 
quadrant Poles lo cleavage of Ihe 32 slalions of Ihe Bear Valley 
subsheel form a diffuse poinl maxima, also in Ihe northeasl 
quadrant bul wilh a few poles in Ihe southweslernmosl part of 
Ihe soulhwesl quadrant The diffuse point maxima is northeast 
of the poinl maxima of Ihe Basin Lake subsheet The diffuse 
maxima is defined by aboul 3/4 of Ihe slalions of Ihe Bear Lake 
subsheel; poles lo the other l/4 of the slalions are distributed 
across Ihe diagram.

The same 53 rotated poles to cleavage (fig. 11G) show a 
similar contour pattern. Bul Ihe 21 data points of the Basin Lake 
subsheel are now spread fully across Ihe diagram. The distribu 
tion indicates cleavage planes that have dips ranging from 0° to 
90°, and the full range of dips inclined to bolh Ihe northeast and 
the soulhwesl. This clearly is nol indicative of uniform layer- 
parallel shear. The 32 poles to cleavage of Ihe Bear Valley sub 
sheel (lhal is, after rotation) (fig. 11G) are moslly presenl in Ihe 
soulhwesl quadrant They are broadly and fairly uniformly 
spread across Ihe quadranl, indicating dips from 5°-10° to 90°. 
This pattern also is nol indicative of uniform layer-parallel 
shear.

The foregoing analysis raises a question aboul Ihe V4 of Ihe 
poles lo cleavage (actually, 9 of the 32 poles) that are spread 
about the central part of the stereogram of Ihe 53 unrelated beds 
(fig. 1 IF). The pattern indicates cleavage wilh 10°-45° dips. 
To determine if the nine poles spread aboul Ihe cenlral part of 
figure 1 IF represenl a previous compressional deformation

event I plotted Ihe nine poles lo cleavage in a separate diagram 
(fig. 1 Iff). The diagram shows Ihe nine poles, individually 
numbered, in bolh Iheir unrelated (as recorded in Ihe field) and 
rolaled positions. Il reveals thai Ihe nine poles are more widely 
dispersed after relation than before relation. Hence, they do not 
indicate a previous deformation.

The plot of poles to the rolaled cleavage (fig. 11G) is inter 
esting by comparison. The contour pattern for Ihe poles lo 
cleavage of Ihe 53 unrelated beds (fig. 1 IF) is similar lo Ihe pal- 
lern for Ihese same beds after relation (fig. 11G), allhough 
clearly Ihe poles lo Ihe rolaled beds (fig. 11G) are more widely 
scattered. The rolaled beds (fig. 11G) show only one fairly 
broad poinl maxima. Bul, unlike Ihe unrelated poles lo cleavage 
for Ihe 53 poles (fig. 11F), which show Iwo fairly close poinl 
maxima (one each for Ihe anticline of Ihe Bear Valley subsheel 
and Ihe syncline of Basin Lake subsheel), Ihe poles lo cleavage 
of Ihe rolaled beds (fig. 11G) are nol separated, but rather Ihe 
poles of Ihe Iwo domains are mixed together! This is a second 
indication that Ihe cleavage was nol formed prior lo folding.

The poles lo cleavage for Ihe Iwo domains in diamiclile, 
represented in figure 1 IE, are fairly narrowly confined—lhal is, 
Ihey are nol scattered far lo Ihe northwesl or southeasl beyond a 
narrow northeasl-soulhwesl zone. This indicates lhal Ihe 
domains are nol complicated by significanl variations such as 
lateral ramps or tear faulls. A few poles are for axial areas of 
folds where cleavage strike is about normal to the general north 
wesl trend, but fold plunges are shallow; thus, poles fall wilhin 
Ihe narrow girdle shown in figure 1 IE. The bell possibly could 
have been even narrower; normal-slip along Ihe Bear Valley 
fault may have caused the Bear Valley subsheet to have had a 
slight clockwise rotation, contributing to a broader distribution 
of poles than olherwise mighl have been Ihe case. Still, Ihe greal 
circle azimulh and plunge for Ihe 53-sample set in diamiclile are 
very nearly Ihe same as Ihose determined for all cleavages 
recorded for Ihe enlire Poison Creek sheet (fig. 11 A).

Cleavage in Carbonate Strata ofFootwall 
McDevitt Creek Sheet

Cleavage in lower Paleozoic limestone and dolomite was 
recorded in the McDevitt Creek sheel, foolwall of the Poison 
Creek thrusl fault (fig. 1 If). The data are from southern areas of 
Ihe Poison Peak and Hayden Creek 7.5-minule quadrangles (fig. 
2). The cleavage orienlalions are consislenl wilh Ihose of Ihe 
Poison Creek sheet as a whole (compare fig. 1 1A and f) and of 
the Basin Lake subsheet (fig. 1 ID). Figure 1 IK, a subset of data 
from the Basin Lake subsheet, shows only poles for Ihe coarse 
sillile unil of Ihe Apple Creek Formation. Excepl for a small 
Ihrusl slice of banded sillile unil of Ihe Apple Creek, Ihe coarse 
sillile unil makes up Ihe northernmosl exposures of Mesoprot- 
erozoic rocks of Ihe subsheel (and of Ihe Poison Creek sheel; fig. 
4) and conlains rocks lhal are in direcl conlacl wilh carbonate 
strata of the McDevitt Creek sheel.

Carbonate rocks of Ihe McDevitt Creek sheel are separately 
distinguished as limestone and dolomite in figure 11/. Poles lo
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cleavage developed in limestone are more tightly confined than 
those formed in dolomite. In addition, poles just of the dolomite 
would depict a point maxima slightly to the north of that for 
limestone only, indicating somewhat steeper dips for cleavage in 
dolomite (fig. 1 IT). These observations may reflect several fac 
tors. (1) The two kinds of carbonate rocks behaved differently 
under the same stress conditions. The limestone tended to 
deform readily, forming a pervasive, continuous cleavage. The 
dolomite behaved in a brittle manner, forming a closely spaced 
cleavage (Tysdal, unpub. data, 1999). (2) Limestone occurs 
mainly in the eastern part of the McDevitt Creek sheet shown in 
figure 4, dolomite in the western part. The two areas may have 
experienced slightly different stress orientations during thrust 
ing. The Poison Creek thrust fault makes a small change in ori 
entation to a more westerly trend in the western part of the area 
of figure 4, which may reflect a slightly different stress orienta 
tion. This change in orientation is shown, for example, by the 
change in the axis of the Basin Lake syncline from a northwest 
trend in the eastern part of the Basin Lake subsheet (fig. 4) to a 
more westerly trend in the western part of the subsheet. How 
ever, the westerly orientation also is partly due to normal fault 
ing in the western part of the study area.

Age of Cleavage

Coincident cleavages of the Proterozoic and Paleozoic 
strata of the study area are younger than the youngest affected 
Mississippian rocks. The erogenic compressional event that 
generated the cleavage is interpreted as Mesozoic, probably Cre 
taceous, and is based on regional data presented in a subsequent 
section, "Ages of Deformation." Data supporting a post-Missis- 
sippian age for development of cleavage are as follows. (1) 
Cleavage is directly related to the Poison Creek thrust fault and 
to the Hay den Creek and Basin Lake faults, which are inter 
preted as subsidiary thrusts that splay upward from the Poison 
Creek thrust fault. (2) Cleavage is most intensely developed 
along the faults and in the directly adjacent footwall of the sub 
sidiary thrust faults. (3) Overturned beds along the Hayden 
Creek and Basin Lake faults consistently display cleavage dips 
that are less than bedding dips. This is unlikely to be the case if 
the cleavage is unrelated to the overturning. (4) Cleavage is 
axial planar to folds, which are related to the subsidiary faults. 
(5) I found only one continuous (pervasive) cleavage in the Prot 
erozoic rocks of the Poison Creek sheet within the study area. In 
addition, cleavage measured in the carbonate strata of the foot- 
wall McDevitt Creek sheet displays an orientation pattern that is 
consistent with patterns in the Poison Creek sheet. The coarse 
siltite unit of the Mesoproterozoic Apple Creek Formation 
makes up a widespread unit of the Basin Lake subsheet, and it is 
in dkect contact with the footwall Paleozoic carbonate rocks in 
the western part of the study area (fig. 4). The cleavage pattern 
for the coarse siltite unit is nearly identical to that of the sub- 
thrust carbonate strata. This clearly places the age of these coin 
cident cleavages in the Phanerozoic. Some Proterozoic-age 
cleavage possibly may have formed (1) if the Proterozoic stress

regime was about parallel to that of the Phanerozoic cleavage, or 
(2) if a Proterozoic cleavage formed during burial metamor- 
phism, which would be parallel to bedding, or nearly so, and 
would have generated micas about parallel to bedding. In con 
trast to this study area, two cleavages, at high angles to one 
another, occur in Proterozoic rocks of the Poison Creek thrust 
sheet in the eastern part of the Salmon River Mountains, west of 
the study area (Tysdal, unpub. data, 1999). Reconnaissance 
study suggests that both cleavages there are of Phanerozoic age 
and formed during thrusting of the Poison Creek sheet over an 
oblique ramp in a section of the footwall.

Extensional Deformation

Normal faults that did not demonstrably develop along pre 
existing compressional faults are described and discussed in this 
section. No restoration to a pre-normal-slip position was under 
taken for these faults.

Lem Peak Normal Fault

The Lem Peak fault trends northwest, similar to the other 
major structures of the study area. It commonly formed in the 
less competent siltite and metasandstone of the Lawson Creek 
Formation near the contact with the underlying competent 
orthoquartzite of the Swauger Formation. The fault dips south 
and underwent a large amount of displacement: about 12,000 m 
of slip is indicated by the stratigraphic separation shown in 
cross section D-D' of figure 6. The dip of the fault is steep at 
the present depths of erosion, as shown in exposures of the jux 
taposed rock units and by the three-dimensional patterns 
revealed across the differentially eroded mountainous terrain of 
the Lernhi Range. It is my interpretation that the Lem Peak nor 
mal fault curves and displays a lower inclination at a greater 
depth than that of the present exposures.

In plan view the Lem Peak fault displays a very irregular, 
jagged pattern marked by abrupt changes in dkection of as 
much as 90° (fig. 4). The pattern is reflected by juxtaposition of 
unrelated rock units and structures. For example, along the 
uppermost part of Hayden Creek a segment of the Lem Peak 
fault trends northeast, about parallel to the creek. Steeply dip 
ping beds of the Big Creek Formation of the Hayden Creek 
sheet southeast of the Lem Peak fault display the same strike as 
steeply dipping beds of the Swauger Formation of the Lem Peak 
block northwest of the fault segment. A similar relationship 
exists between the headwaters of North Fork Cow Creek and 
Allison Creek. These corner areas display complex patterns of 
normal faults of limited extent. (See Tysdal and Moye, 1996; 
and Tysdal, 1996c, for map details that could not be shown in 
fig. 4.) In the Allison Creek-North Fork Cow Creek area, tight 
folds in the Swauger and overlying Lawson Creek Formations 
are not present in the Big Creek Formation on the opposite side 
of the fault. Further, axes of these folds have a westerly trend as 
opposed to the northwest trend common for most of the folds in 
strata north of the Lem Peak fault.
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Compressional structures occur in several areas of the Lem 
Peak block. The Compressional structures probably are related 
to thrust faulting, but not related to juxtaposition of younger 
Swauger strata over older Big Creek rocks in the same area. 
Such an inferred fault may have been a higher structural level 
subsidiary thrust, similar in origin to the Hayden Creek or Bear 
Valley faults that formed within the Poison Creek anticline. In 
the Cow Creek-Allison Creek area (fig. 4), folds that formed 
prior to normal displacement on the Lem Peak fault lack corre 
sponding folds in the adjacent rocks of the footwall. This lack 
of corresponding footwall folds suggests that the Lem Peak nor 
mal fault developed within a single subsheet.

One of the keys to normal-slip movement on the Lem Peak 
fault is the omission of strata along its trend. In the Hayden 
Creek subsheet, between the south half of the line of cross 
section C-C and the Payne Creek fault (fig. 4), the preserved 
thickness of the Big Creek Formation increased markedly in 
both directions along strike. This is evident directly north of 
the head of Hayden Creek by the closeness of the Swauger 
Formation to the base of the fine siltite unit of the Apple Creek 
Formation in the southern part of the Bear Valley subsheet. 
Strata omitted from the thinned sequence of the Big Creek 
Formation are missing mainly due to normal-slip on both the 
Lem Peak and Hayden Creek faults. In the central segment of 
the Lem Peak fault, the dip of the Swauger of the Lem Peak 
block gradually increases from southwest to northeast and 
locally is overturned near the Lem Peak fault. These steeply 
dipping to overturned beds likely defined an anticline that was 
eroded or displaced during normal-slip.

When lateral offset is removed from the Payne Creek fault 
east of Wade Creek, the Lem Peak fault on the east side of the 
Payne Creek fault aligns with the segment farther west. Removal 
of the offset along the Payne Creek fault also facilitates interpre 
tation of the Lem Peak fault from the junction of Hayden and 
Wade Creeks eastward to north of Mill Mountain, an area of 
sparse outcrops of Proterozoic strata. The Lem Peak fault must 
exist in the largely covered area because steeply dipping 
Swauger beds in the Mill Mountain area are on strike with 
steeply dipping Big Creek strata in the Cooper Creek drainage— 
a structural discontinuity is needed to accommodate the litho- 
logic change along trend of the strikes.

The arcuate-southward trace of the Lem Peak fault east 
ward from Wade Creek to the north side of Mill Mountain 
reflects the southward dip of the fault and the lesser elevation of 
the topography in this area. If the area were of near constant 
elevation, the steeply dipping Lem Peak normal fault would 
trend in a nearly straight line across the area (after removal of 
offset along the Payne Creek fault).

Alder Creek Fault

short distance southeast from the Apple Creek fault, indicating 
movement along the steeply dipping contact for at least part of 
its southeastern extent, but there is no apparent angularity 
between strata of the two units. From the vicinity of Apple 
Creek westward to near Hayden Creek, the contact cuts across 
bedding.

Faults with Compound Histories of 
Compressional and Extensional Movement

Two faults discussed in this section are interpreted to have 
originated as Compressional faults but to be expressed presently 
as normal faults. No restoration to a pre-normal-slip position 
was undertaken for these faults. (1) The Salmon River fault, in 
the western part of the map area, is interpreted as a tear fault that 
formed during differential movement within the Poison Creek 
sheet as it was transported to the northeast. During subsequent 
extensional movement, a segment of the fault was reactivated as 
the Lem Peak block was downdropped southwest of the Lem 
Peak normal fault. Later, the tear fault was reactivated again as 
part of the present through-going Salmon River normal fault. 
(2) The Payne Creek fault trends north along Hayden Creek in 
the eastern part of the map area. It is interpreted as a tear fault 
that formed during Compressional emplacement of the Poison 
Creek thrust sheet, similar to the Salmon River fault, but proba 
bly has undergone only one stage of subsequent extensional 
movement.

Both the Salmon River fault and the Payne Creek fault may 
have formed prior to thrusting, or may have exploited previously 
existing structural weaknesses. This possibility is suggested 
because of the contrasting styles and (or) the amount of fault 
displacement along different segments of these northerly trend 
ing faults or fault zones. No study was undertaken to evaluate 
this possibility. Data in hand do not suggest two episodes of 
Compressional structures along the faults or fault zones. An 
extensional setting existed in the Cordilleran region during the 
Neoproterozoic and Early Cambrian, and evidence for it in east- 
central Idaho was summarized by Skipp and Link (1992) and 
Link and others (1993). Skipp and Link (1992) suggested that 
strata of these ages preserved in the central and southern parts of 
the Lemhi Range and Beaverhead Mountains were deposited in 
a north-trending rift basin. Neither these authors nor those cited 
by them presented evidence for northerly striking syn-rift faults 
that may have trended at a high angle to such a rift basin.

If the Payne Creek fault does have a Proterozoic history, 
then a third fault described in this section, the Apple Creek fault, 
possibly may share this history, because both faults lie along the 
same general trend. Hence, the Apple Creek fault is described in 
this section rather than in the section on extensional faulting.

On the Basin Lake subsheet, north of the Bear Valley fault 
and southeast from Hayden Creek (fig. 4), the contact of the 
diamictite unit with the fine siltite unit of the Apple Creek 
Formation is interpreted as a fault along part of its length. From 
the east edge of the map area to near the Apple Creek fault, the 
contact is covered. Sheared strata of the fine siltite unit occur a

Salmon River Fault

The Salmon River fault trends north across the western part 
of the study area and cuts the northwest-trending structural grain 
of the Lemhi Range at an angle of 60°-90° (fig. 4). It is
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interpreted as a tear fault formed during Mesozoic thrust faulting 
and folding of rocks of the Poison Creek sheet. West of the 
Salmon River fault, and north of the concealed segment of the 
Lem Peak normal fault in the southwest corner of the area of fig 
ure 4, Mesoproterozoic strata of the Apple Creek Formation are 
exposed in limited areas of outcrop. No Paleozoic or Mesozoic 
rocks are present. Rocks of the Eocene Challis Volcanic Group 
are widespread. All these strata are downdropped relative to 
rocks east of the Salmon River fault. Mesoproterozoic strata 
west of the Salmon River fault display north-trending strikes, 
contrasting with the northwest-trending strikes present in the 
Mesoproterozoic rocks east of the fault (fig. 4).

Tear-Fault Movement

The Mesozoic compressional development of the Salmon 
River fault of the study area fits Dahlstrom's (1970, p. 374-375) 
definition of a tear fault. He described a tear as a type of strike- 
slip fault that terminates both upwards and downwards against 
movement planes that may be detachments of thrust faults or 
low-angle normal faults. In thrusted strata, tears wholly within 
one thrust sheet or packet of thrust sheets can be either trans 
verse or oblique to the regional trend. The Salmon River fault is 
oblique to the regional trend. Dahlstrom (1970) further noted 
that a tear fault wholly within a deformed sheet permits abrupt 
changes in the pattern of deformation on opposite sides of the 
tear through differential movement of adjacent component parts 
of the sheet. This is the case with the Salmon River fault, which 
served to compartmentalize the style of deformation that took 
place on opposite sides of it. Rocks east of the Salmon River 
fault, the main focus of this report, deformed into the major Poi 
son Creek anticline and associated subsidiary thrusts of the Poi 
son Creek sheet. Rocks directly west of the Salmon River fault 
in the map area were not so intensely deformed (fig. 4).

Structures in the Mesoproterozoic rocks east of the Salmon 
River fault display northwest strikes, in marked contrast to the 
north strike of the structures in the Mesoproterozoic rocks west 
of the fault (fig. 4). North strikes are to be expected for 
downthrown strata close to the Salmon River fault because they 
would have been reoriented toward parallelism with the fault as 
they were downdropped. For example, the north-striking syn- 
cline between Allison and McKim Creeks (fig. 4; fig. 5, west end 
of cross section A-A') is about parallel to the Salmon River fault 
and likely formed during downdropping of the rocks west of the 
fault. Dip of the fold limbs is moderate except for steep inclina 
tion of the east limb where it is upturned adjacent to the Salmon 
River fault. But north strikes are characteristic of all rocks west 
of the fault, not just those close to the fault. Further, the Apple 
Creek strata west of the fault generally display low dips, con 
trasting with the generally steep dips of strata east of the fault. 
These data suggest that the north strikes of Mesoproterozoic 
strata west of the fault were extant prior to being downthrown 
during extensional faulting. They may have formed during 
(compressional) tear faulting. Alternatively, the north-striking 
structures of the Salmon River fault zone may have an older ori 
gin, a possibility not evaluated here.

Normal-Slip Movement Related to Emplacement of 
Lem Peak Block

The Lem Peak block, delimited on its northeast side by the 
Lem Peak normal fault, is present on both sides of the Salmon 
River fault (figs. 3, 4). However, part of the block shows appar 
ent left-lateral offset along the Salmon River fault. Understand 
ing of this apparent lateral offset requires examination of 
segments of the Lem Peak fault. Mesoproterozoic strata west of 
the Salmon River fault are chiefly units of the Apple Creek For 
mation, except for the Mesoproterozoic Swauger Formation that 
crops out in the southwest corner of the map area (fig. 4). About 
1 km directly west of the Swauger shown on the map, strata of 
the Big Creek Formation abut the Swauger on the south along a 
fault. This fault segment extends into the study area along the 
trace of X-X' (fig. 4), where it is concealed beneath volcanic 
rocks. X-X' is interpreted to be part of the Lem Peak normal 
fault because the rocks on opposite sides of this fault have the 
same stratigraphic-structural succession and relationships as in 
the Lemhi Range (Tysdal, 2000b).

Along the Salmon River fault, the Lem Peak fault and the 
associated stratigraphic units of the Lem Peak block display an 
apparent left-slip offset of as much as 8-10 km (fig. 4, offset is 
X'-X"). (The apparent offset is not more precisely determined 
because, within the study area, the trace of the Lem Peak fault 
west of the Salmon River fault is entirely concealed by volcanic 
rocks.) Two possible interpretations are considered to accom 
modate the apparent left-slip offset on the Salmon River fault 
seen south of the Poison Creek fault. (1) The Swauger Forma 
tion east of the Salmon River fault and west of the Salmon River 
fault, in the southwest corner of the map area, behaved as one 
contiguous block. The block is delimited by the full length of 
the Lem Peak fault in the Lemhi Range, the concealed segment 
of the Lem Peak fault in the southwest corner of the map area, 
and by the Salmon River fault segment that connects these two 
parts of the Lem Peak fault (fig. 4, X'" [and fault farther to 
east]-X"-X'-X). In effect, the connecting part of the Salmon 
River fault is a segment of the Salmon River tear fault that was 
reactivated as a north-trending segment of the Lem Peak normal 
fault. This interpretation is favored here and is explained first 
(next paragraph). (2) A less likely interpretation attributes the 
apparent slip to mainly vertical movement along the Salmon 
River fault, and thus apparent left-lateral offset would be the 
result of dips of the flanking strata and of the Lem Peak fault. 
Such nearly vertical movement would have to be very large.

1. All Swauger strata south of the Lem Peak fault, on both 
sides of the Salmon River fault, were downdropped as one con 
tiguous block. In this interpretation, the X'-X" segment of the 
Salmon River fault is a reactivated segment of the compression- 
ally formed Salmon River tear fault. The tear fault zone of 
weakness was reactivated during downdropping of the Lem 
Peak block, and the block was broken into east and west parts 
along the X'-X" segment of the tear fault. The previously con 
tinuous nature of the block is shown by the sequence of strata 
and structural relationships that are preserved in both parts of 
the Lem Peak block. East of the X'-X" fault segment, in the 
eastern part of the Lem Peak block (that is, in the western part
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of the Lemhi Range), the south to north stratigraphic-structural 
succession is Swauger Formation-Lawson Creek Formation- 
Lem Peak normal fault (south-side-down)-Big Creek Forma 
tion-Apple Creek Formation. West of the X'-X" fault segment, 
in the western part of the Lem Peak block (that is, in the eastern 
part of the Salmon River Mountains), the similar stratigraphic- 
structural succession is Gunsight Formation-Swauger Forma- 
tion-Lem Peak normal fault (south-side-down)-Big Creek 
Formation-Apple Creek Formation. Thus, in the Salmon River 
Mountains, the Lawson Creek Formation is cut out by the Lem 
Peak normal fault; only the lower part of the Swauger 
Formation is present and it is underlain by upper strata of the 
Gunsight Formation.

2. For vertical movement to account for the apparent left- 
slip offset of the Lem Peak fault and associated strata, the 
amount of apparent offset (fig. 4, X'-X") is dependent on the 
magnitude of vertical displacement, the component of horizontal 
displacement (if any), and the dip of the Lem Peak fault. It is 
unlikely that, by itself, downdropping of strata and the contained 
Lem Peak fault west of the Salmon River fault could account for 
significant lateral displacement of the Lem Peak fault. First, 
assume no displacement on the Salmon River fault, and place a 
piercing point in the Lem Peak fault on opposite sides of the 
incipient Salmon River fault. Relative to the fixed piercing point 
on the east side of the Salmon River fault, the corresponding 
piercing point west of the fault would move south as strata west 
of the fault were downdropped. At the present depth of erosion, 
the Lem Peak fault is vertical or dips steeply southward.

Downdropping of strata west of the Salmon River fault as 
the sole explanation of the apparent lateral offset along the fault 
has another problem, related to the triangular wedge of Swauger 
of the Lemhi Range. The wedge lies east of the X'-X" segment 
of the Salmon River fault and southwest of the X"-X"' segment 
of the Lem Peak fault (fig. 4). Middle Eocene volcanic rocks 
locally overlie the Lem Peak fault in the Lemhi Range, and the 
fault is assumed to have ceased movement before deposition of 
the volcanic rocks (Ruppel, 1980; Tysdal, 1996a). In contrast, 
the Salmon River fault offsets Eocene volcanic rocks and may 
still be active. Therefore, ignoring the triangular wedge of 
Swauger, the Apple Creek strata west of the Salmon River fault 
are downthrown relative to the Big Creek-Apple Creek 
sequence of the Lemhi Range northeast of the wedge of 
Swauger (fig. 4, X'-X"-X'"). And, assuming the wedge of 
Swauger was faulted into place before down-on-the-west move 
ment along the full length of the Salmon River fault (that is, 
along the segments north of X" and south of X', as well as along 
the X'-X" segment), the Apple Creek west of the Salmon River 
fault actually is downthrown against the Swauger Formation 
east of the Salmon River fault—even though the apparent rela 
tive displacement of the two formations is just the opposite. 
Thus, the map of figure 4 shows west-side-down along the full 
length of the fault. The relative up-down relationships change 
along the length of the Salmon River fault. In the northern part 
of the study area, the (actual) relationship is west-side-down. 
South of X", the (apparent) relationship is east-side-down for 
the Proterozoic Apple Creek units west of the fault relative to the 
Swauger Formation east of the fault, but the (actual) relationship 
is west-side-down for the Tertiary Challis Volcanic Group rocks

relative to the Swauger east of the fault (and the volcanic rocks 
are adjacent to and overlie the Apple Creek strata west of the 
fault).

Normal-Slip Movement Related to Regional-Scale 
Salmon River Normal Fault

The Salmon River normal fault extends across the entire 
map area (fig. 4). North of the map area, the fault extends along 
the western margin of the Lemhi Range (K.V. Evans, Falma 
Moye, and R.F. Hardyman, unpub. mapping, 1996) and likely 
continues farther north where it is concealed beneath the Lemhi 
River Valley east of Salmon (fig. 1), as shown on the mapping of 
Evans, K.I. Lund, and Tysdal (work in progress). South of the 
map area, the fault cuts the Challis Volcanic Group directly 
north of the Pahsimeroi River Valley (fig. 1), according to a gen 
eral map of Janecke (1993, fig. 6; the name Allison Creek fault 
was used by Janecke for the fault).

The regional-scale normal displacement of the Salmon 
River normal fault developed subsequent to downdropping of 
the Lem Peak block. The apparent strike-slip displacement of 
the east and west parts of the Lem Peak block along the X'-X" 
segment of the Salmon River fault is confined to the area south 
of the Poison Creek thrust fault. This is shown by the lack of (or 
very minor) strike-slip offset of the footwall McDevitt Creek 
sheet along the Salmon River normal fault. Directly north of the 
map area (figs. 3, 4), the Poison Creek thrust fault and the subja 
cent Paleozoic carbonate rocks of the footwall McDevitt Creek 
sheet extend to the northwest beyond the map area. This contin 
uation is concealed beneath unconsolidated sediments and vol 
canic rocks in the valley of the Salmon River, but the thrust fault 
and carbonate rocks crop out west of the valley (Ekren, 1988, pi. 
2). The north-striking Salmon River fault crosses the northwest- 
striking Poison Creek fault and the carbonate footwall rocks, but 
if these features are offset by lateral movement on the Salmon 
River fault, such offset is no more than about 1 km. Any such 
offset would be right-slip, a direction opposite that of the appar 
ent offset of rocks south of the Poison Creek fault.

Payne Creek Cross Fault

The Payne Creek fault trends north across the eastern part 
of the study area and cuts the Bear Valley subsheet and the Lem 
Peak block (figs. 3,4). It dips steeply to the east, indicated by its 
eastward curving trace as the flanking topography decreases in 
elevation along the northern third of the fault (fig. 4). Protero 
zoic strata of the Bear Valley subsheet west of the Payne Creek 
fault show about 1.5 km of left-slip relative to strata east of the 
fault. The sequence east of the fault is from a greater depth in 
the hangingwall sequence than that west of the fault.

The origin of the Payne Creek fault is unclear, but it may 
have originated as a compressionally formed tear fault. The 
Payne Creek fault displays the following features in common 
with the Salmon River fault. (1) The north end of the Payne 
Creek fault does not offset footwall strata, but terminates at the
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subsidiary Bear Valley fault that floors the Bear Valley subsheet. 
(2) The fault is oriented at about 45° to the transport direction of 
the host subsheet, thus is an oblique fault. (3) The strike is about 
north, subparallel to the Salmon River fault. (4) The southern 
extent of the Payne Creek fault, as far south as it has been 
mapped, offsets Swauger strata of the downdropped Lem Peak 
block. In contrast with the Salmon River fault, the Payne Creek 
fault does not serve to compartmentalize contrasting styles of 
deformation on opposite sides of it.

The following relationships are evident in the vicinity of 
the intersection of Wade and Hayden Creeks, where the Lem 
Peak block shows left-lateral offset along the Payne Creek 
fault. (1) In the vicinity of Wade Creek, the Payne Creek fault 
is marked by sheared orthoquartzite of the Mesoproterozoic 
Swauger Formation along its trend, although Ruppel (1980) did 
not map the fault in the Wade Creek area. (2) Beds directly 
adjacent to the fault have been rotated such that their strike is 
oriented at a small angle to the fault. A similar reorientation of 
bedding occurs about 5 km to the north along the fault. (3) Iso 
lated outcrop areas of the Ordovician Kinmkinic Quartzite west 
of the fault (just south of the area of fig. 4) are much more 
closely aligned with Kinnikinic rocks east of the Payne Creek 
fault after removal of the offset of about 1.5 km. Similarly, the 
segments of the Lem Peak fault (described previously) on 
opposite sides of the Payne Creek fault become aligned and 
form a continuous Lem Peak fault. But alignment of the two 
segments does not accommodate all of the offset of strati- 
graphic units farther north along the Payne Creek fault. For 
example, the Big Creek-Apple Creek contact west of the Payne 
Creek fault does not align with the same contact east of the 
fault. The misalignment remains unexplained; I suspect that 
some structural complications lie concealed beneath the large 
area of unconsolidated sediments between Cooper Creek and 
the Lem Peak fault (fig. 4).

The Payne Creek fault may have originated as a compres- 
sional tear within the Bear Valley subsheet during thrusting. 
Rocks east of the Payne Creek fault moved farther north relative 
to those west of the fault and exposed deeper levels of the strati- 
graphic succession. Subsequent to, or during, normal-fault 
emplacement of the Lem Peak block, the Payne Creek fault was 
reactivated and movement along it offset Swauger strata of the 
Lem Peak block. This interpretation assumes that the Payne 
Creek fault formed in a manner similar to the Salmon River nor 
mal fault. Alternatively, (1) the Payne Creek fault could predate 
normal faulting along both the Bear Valley and Lem Peak faults, 
with the Payne Creek fault reactivated south of the Lem Peak 
fault when the Lem Peak block was initially downdropped into 
its present position and (or) during later basin-and-range exten- 
sional activity. (2) The Payne Creek fault may predate thrusting, 
thus formed a structural weakness that subsequently was reacti 
vated during both thrusting and extensional faulting.

Apple Creek Fault

The Apple Creek fault (east-central part of area, fig. 4) is 
concealed by landslide deposits and volcanic rocks. Its exist 
ence is necessary, however, to accommodate the contrast in

thickness of the diamictite unit on opposite sides of the covered 
area. Strata northeast of the Alder Creek fault were down- 
dropped during normal movement on the Alder Creek fault. The 
Apple Creek fault may be a tear fault, with normal displacement 
on its east side, that formed as a tear during the downdropping.

An alternative interpretation could consider the Apple 
Creek fault in the footwall of the Bear Valley fault to be the 
same structure as the Payne Creek fault of the hangingwall. 
Both faults display apparent left-slip offset. This connection is 
unlikely, however. (1) Directly south of the south end of the 
Apple Creek fault as shown in figure 4, the mutual contact of the 
Big Creek and Apple Creek Formations does not appear to be 
offset. The actual contact is not exposed, but no offset of the 1+ 
km magnitude evident directly to the north along the Apple 
Creek fault has taken place. (2) The footwall rocks of the Bear 
Valley fault would need to be shifted about 3 km to the north 
west for the faults to be aligned. I have no evidence to suggest 3 
km of right-slip along the Bear Valley fault. (3) West of the 
Apple Creek fault, the Alder Creek fault at the base of the dia 
mictite unit truncates the fine siltite unit of the Apple Creek 
Formation with an angular relationship (Tietbohl, 1981; Tysdal, 
1996a). If the Payne Creek and Apple Creek faults originally 
were one structure (a tear fault), the angular truncation of the 
fine siltite unit of the Apple Creek Formation also would have 
lain to the west of the Payne Creek fault. No counterpart of this 
cross-cutting fault segment occurs in the corresponding strata of 
the hangingwall. Further, west of the Apple Creek fault and 
north of the Bear Valley fault, the diamictite unit of the footwall 
contains a distinctive sequence of dark-gray magnetite-bearing 
beds. Directly south on the hangingwall, these distinctive beds 
were observed only near Hayden Creek and atop the ridge 
directly west of Hayden Creek. These data suggest that the 
hangingwall and the footwall have not undergone lateral shift 
relative to each other.

If the Payne Creek cross fault developed along a preexist 
ing zone of structural weakness, a possibility raised at the begin 
ning of this section, then it is appropriate to speculate that the 
Apple Creek fault could have developed along the same general 
preexisting zone. No direct evidence was obtained to evaluate 
this idea, however.

Ages of Deformation 

Compressional Deformation

The maximum age of thrusting in the study area is indi 
cated by the Paleozoic rocks of the footwall McDevitt Creek 
sheet. As discussed in the section on the age of cleavage, only 
one continuous (pervasive) cleavage was found in the hanging- 
wall Mesoproterozoic rocks of the Poison Creek thrust sheet. 
Cleavage measured in the carbonate strata of the footwall 
McDevitt Creek sheet displays an orientation pattern that is con 
sistent with patterns in the Poison Creek sheet. Nearly identical 
cleavage patterns are displayed by the footwall Paleozoic car 
bonate strata and the hangingwall Mesoproterozoic rocks near 
the trace of the Poison Creek thrust fault (fig. 1 U and K). This
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clearly places the age of these coincident cleavages in the Phan- 
erozoic. The youngest Paleozoic strata known in the foot wall of 
the Poison Creek thrust fault in the Lemhi Range are of the 
Upper Devonian Jefferson Formation (Anderson, 1961). East of 
the map area, in the Beaverhead Mountains northeast of Lea- 
dore, Idaho (fig. 1), strata as young as Triassic age underwent 
compressional deformation during thrusting associated with the 
Hawley Creek fault (Lucchitta, 1966; K.I. Lund, oral commun., 
2000), which I interpret as corresponding to subsidiary thrust 
faults in the footwall of the Poison Creek thrust fault.

The minimum age of thrusting in the Lemhi Range is pro 
vided by igneous rocks. Several undeformed granitic stocks in 
the central part of the Lemhi Range clearly are younger than the 
thrust faulting and were intruded and partly exposed by erosion 
before eruption of the Challis Volcanic Group (Ruppel, 1978, p. 
14; Tysdal, 1996b). The Big Eight Mile pluton, mapped by 
Ruppel (1980) about 50 km southeast of this study area, post 
dates thrust faulting (Ruppel, 1980). The Big Eight Mile pluton 
contains biotite that yielded a potassium-argon date of 49.4±1.7 
Ma (Ruppel and Lopez, 1988, p. 72) (50.6±1.7 Ma, adjusted for 
currently accepted decay constants; J.D. Obradovich, oral com 
mun., 1993). [Apparently, Ruppel (1978, p. 14) mistakenly 
applied this date to a dike related to another pluton, but correctly 
attributed the date in Ruppel and Lopez (1988).]

A granitic pluton is inferred to lie beneath a magnetic 
anomaly in the headwaters area of the North Fork McKim Creek 
(fig. 4). The anomaly is one of several that lie along a northwest 
trend within the general region (Zietz and others, 1978; Webring 
and Mabey, 1995; pi. 2 in Worl and others, 1989); it is similar to 
the anomaly over the exposed Big Eight Mile pluton. A meta- 
morphic aureole and associated silicified rock characterize the 
northern part of the McKim Creek anomaly. The metamor 
phosed and silicified rocks extend across structures in the map 
area. Silicified and tourmaline-bearing rocks replace sheared 
rock along parts of the Hayden Creek and Bear Valley faults, 
postdating movement on these faults.

In the Beaverhead Mountains, about 20 km north-northeast 
of Salmon (fig. 1), compressionally deformed Proterozoic strata 
and a compressional fault are intruded by the Carmen Creek plu 
ton (map of Ruppel and others, 1993; K.V Evans, oral com 
mun., 1999; personal observation). Using 40Ar/39Ar dating, 
Kilroy and Sutler (1984) determined that a quartz diorite phase 
of the pluton yielded a Late Cretaceous date of 80.9±1.9 Ma; a 
more mafic phase of the intrusive is considered to be equivalent 
in age, or older. A granodiorite phase yielded middle Eocene 
dates. Although the pluton is not in the Lemhi Range, it lies far 
ther northeast than the Lemhi Range, and, if deformation gener 
ally progressed eastward with time, as is the general situation in 
the Rocky Mountain thrust belt, then thrusting in the Lemhi 
Range may have ceased prior to intrusion of the Carmen Creek 
pluton.

Extensional Deformation

Challis volcanic rocks postdate normal-slip movement on 
faults at least locally. South and west of Mill Mountain, in the 
vicinity of Wade Creek (fig. 4), a segment of the Lem Peak fault

is locally concealed by rocks of an unknown unit of the Eocene 
Challis Volcanic Group. Other rocks of the Challis Volcanic 
Group were deposited across the Bear Valley fault west of Hay 
den Creek after normal displacement took place on the fault, as 
shown north of the head of Bear Valley Creek in figure 4 and 
cross section B-B' (fig. 5).

The tuff of Ellis Creek (Mclntyre and others, 1982; Fisher 
and others, 1992), a unit of the Challis Volcanic Group, overlies 
the Poison Creek thrust fault at the head of Poison Creek (fig. 4) 
and locally in the western part of the Allison Creek quadrangle 
(fig. 2; Tysdal and Moye, 1996). Biotite from tuff of this unit 
about 45 km directly west of the Poison Creek occurrence 
yielded a middle Eocene potassium-argon date of 48.4±1.6 Ma 
(Fisher and Johnson, 1995; Fisher and others, 1992). Movement 
on the Poison Creek thrust fault had ceased by the time of depo 
sition of the tuff.

Evaluation of Possible Proterozoic Compressional 
Deformation

Compressional deformation of Mesoproterozoic age has 
been reported for local areas of the central Idaho region. Radio- 
metric dating of coarse-grained granitic plutons in the Salmon 
River Mountains yielded Mesoproterozoic dates (Evans, 1986; 
Evans and Zartman, 1990). One of the plutons, about 8 km 
northwest of Salmon, crosscuts folds formed in the Mesoprot 
erozoic host strata (Brown, 1973; Evans, 1981, 1986; Lopez, 
1981). Further, regional biotite-grade metamorphism of the host 
strata occurred prior to intrusion of the pluton. Contact meta- 
morphic aureoles around the Proterozoic plutons overprint the 
regional metamorphic assemblage of the country rocks (Evans 
and Zartman, 1990).

Only one compressional deformation was recognized in 
the study area of the Lemhi Range, and it probably is Late 
Cretaceous. If an unrecognized Proterozoic compressional 
deformation took place as well, cleavage that may have been 
generated during the deformation could have been coincident, 
or nearly so, with that of the Cretaceous event, thus was not 
distinguished from the Cretaceous cleavage.

Reevaluation of Medicine Lodge Thrust 
System and Hayden Creek Window

The foregoing presentation and interpretation of structural 
features set the stage for a reevaluation of the concept of the 
Medicine Lodge thrust fault and its associated features in the 
western part of the Lemhi Range.

A Medicine Lodge thrust fault was first mapped in the Bea 
verhead Mountains east of Leadore, Idaho (fig. 1) by Kirkham 
(1927). Other workers later mapped more thrust faults north 
westward in the Beaverhead Mountains and in nearby south 
western Montana. Ruppel (1978) introduced the name 
"Medicine Lodge thrust system" for the assemblage of these 
faults and extended the system to include faults that he had 
mapped in the Lemhi Range.
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Within the Lemhi Range, Ruppel (1978) initially treated the 
"thrust system" as a single megathrust fault. Later, Ruppel and 
Lopez (1984, p. 1) characterized the Medicine Lodge thrust plate 
as a unique assemblage of rocks hosting a "network of interre 
lated flat thrust faults that both bound and cut the thrust 
plate* **and dip into a basal decollement zone that forms the 
lowermost part of the plate." Thrust faults of the plate also were 
described as "interlaced" imbricates. The basal zone was char 
acterized as 50-300 m of intensely sheared, crushed, brecciated, 
and mylonitized rocks grading upward into less internally 
sheared but complexly folded and faulted rocks of the plate 
(Ruppel, 1978, p. 8; Ruppel and Lopez, 1984). Ruppel (1978) 
and Ruppel and Lopez (1984, 1988) envisioned the Medicine 
Lodge thrust as separating allochthonous rocks of the Mesoprot- 
erozoic Lemhi Group and younger strata from subjacent, autoch 
thonous, older Mesoproterozoic rocks of the Yellowjacket 
Formation. These workers interpreted the Yellowjacket as 
autochthonous because they considered its strata generally to be 
only slightly deformed or to exhibit a style of deformation dif 
ferent from strata of the Lemhi Group and younger rocks desig 
nated as allochthonous. These interpreted differences in 
deformation led them to "suggest that the Yellowjacket has not 
been tectonically transported by thrusting like the overriding, 
intricately folded and faulted rocks in the Medicine Lodge plate" 
(Ruppel and Lopez, 1984, p. 23). Ruppel (1978, p. 8) stated that 
one of the best exposures of the Medicine Lodge fault system is 
in the Lemhi Range north of Mill Mountain, within the south 
eastern part of the study area of this report, where a window (the 
Hayden Creek window) resulted from erosion through the Medi 
cine Lodge thrust plate.

My mapping in this area in the northern part of the Lemhi 
Range (Tysdal, 1996a, 1996b, 1996c) leads me to conclude that 
the Medicine Lodge thrust plate does not exist in this part of the 
range, that no window was eroded through such a thrust plate, 
and that rocks assigned (by Ruppel and Lopez, 1988) to the Yel 
lowjacket Formation in the northern part of the Lemhi Range (1) 
belong to another formation and (2) are as intensely deformed as 
rocks of other Mesoproterozoic formations. My mapping 
extends for 8 km east and 18 km west of their Hayden Creek 
window (hereafter called "window"; location of "window" 
shown in fig. 4) and reveals three northwest-trending faults that 
cross it: from north to south, the Poison Peak, Bear Valley, and 
Hayden Creek faults. Stratigraphic units present between any 
pair of these northwest-trending faults also occur on strike on 
both sides of the "window." Where not covered by Cenozoic 
strata, the Proterozoic units are contiguous across the "window" 
as well.

The Hayden Creek "window" measures approximately 
6x20 km (fig. 4). The outline is taken mainly from plate 1 of 
Ruppel and Lopez (1984), modified slightly to accommodate 
the distribution of "Yellowjacket" rocks shown on the geo 
logic map of the Patterson 15-minute quadrangle mapped by 
Ruppel (1980). Strata east of Hayden Creek, and north of the 
Alder Creek fault, were assigned to the "Yellowjacket" Forma 
tion by Ruppel and Lopez (1984) and considered to be part of 
the autochthon (fig. 4). Other than the Hayden Creek "win 
dow," the remainder of the pre-thrusting rocks (that is, older 
than the Eocene Challis Volcanic Group) of the map area were

assigned to the allochthonous Medicine Lodge thrust plate by 
these authors.

Directly west of Wade Creek (fig. 4), at the western margin 
of the Patterson quadrangle mapped by Ruppel (1980), a 200 m 
long fault within an island of rock surrounded by glacial depos 
its was interpreted as the southern limit of the "window." Rup 
pel and Lopez (1988, p. 76) concluded that this fault delimited 
the sole of the Medicine Lodge thrust plate. Ruppel and Lopez 
(1984) showed this island of rock as steeply inclined, slightly 
overturned Swauger Formation on the south abutting "Yellow- 
jacket" strata on the north; the entire Lemhi Group is absent. In 
figure 4, the island of rock is shown as a small lens-shaped area 
adjacent to the Lem Peak normal fault and less than 1 km west 
of the Payne Creek fault. The entire Lemhi Group (table 1) is 
not missing from this area as believed. Strata of the lens-shaped 
area shown as "Yellowjacket" on the map of Ruppel (1980) are 
Big Creek Formation. Nevertheless, most of the Lemhi Group 
is missing, not due to the existence of a "window," but due to a 
large amount of normal displacement (down to the southwest) 
on the Lem Peak normal fault and a comparatively small 
amount on the Hayden Creek fault as well (Tysdal, 1996a, 
1996b, 1996c).

Rocks in the area of the southeast edge of the Hayden 
Creek "window," on the ridge directly east of the southern 
reaches of Cooper Creek, were described as sheared and brecci 
ated Big Creek Formation in thrust contact above the "Yellow- 
jacket" (Ruppel, 1980; Ruppel and Lopez, 1988, p. 76). I found 
no evidence of a (sole) thrust fault in this area. Proterozoic 
rocks of the Big Creek Formation lie above and below the 
depicted sole-fault, although good outcrops are scarce. No 
rocks in outcrop or float are sheared; outcrops of the fine 
grained rock exhibit cleavage that dips about 30° SW, a com 
mon inclination for rocks in the general region. This southern 
part of the "window" lies between the Bear Valley and Hayden 
Creek faults (fig. 4). The Big Creek and Apple Creek strata 
between these faults are continuous from west of the "window," 
through it, and on east beyond the limit of figure 4. These data 
show that the "window" does not exist.

About 6 km north of Mill Mountain, near the Alder Creek 
fault (fig. 4), the Big Creek Formation was interpreted as thrust 
over turbidites and debris flows of the "Yellowjacket" (Ruppel, 
1980; Ruppel and Lopez, 1984, pi. 1; 1988, p. 76). The sole- 
thrust fault depicted on the map of Ruppel (1980) is at the hori 
zon that I have locally mapped as the contact of the fine siltite 
unit and the diamictite unit of the Apple Creek Formation. 
Their fault extended northward on plate 1 of Ruppel and Lopez 
(1984) and clearly trends across the northwest structural grain 
of the rocks of the region and cuts across the rock units that 
Tietbohl (1981, 1986) and Tysdal (1996b) mapped in the area 
(fig. 4). The Medicine Lodge thrust fault of Ruppel (1980) and 
Ruppel and Lopez (1984) clearly would have to cut across beds 
that are steep to vertical and are continuous above and below 
their flat "fault." No horizontal or shallowly dipping structural 
surface cuts across their "autochthonous Yellowjacket" rock 
units north of the Alder Creek fault ("autochthon" boundary 
shown in fig. 4). Further, a 3-4 km wide area of upper plate 
rocks of the Medicine Lodge plate was mapped previously 
between the "autochthonous" strata to the east and the Hayden
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Creek "window" (Ruppel and Lopez, 1984, pi. 1). However, the 
same Apple Creek strata (fig. 4, units Yad and Yac) continue 
along strike from the east edge of the area to the west side of 
Hayden Creek where they are shown by Ruppel and Lopez 
(1984, pi. 1) as part of the "authochthon" and as allochthonous 
rocks of the Medicine Lodge thrust plate that lie east of the Hay- 
den Creek "window."

The Alder Creek fault is interpreted to exist along the con 
tact of the fine siltite unit with the overlying diamictite unit of 
the Apple Creek Formation (Tysdal, 1996a). The amount of dis 
placement on this fault, which is largely covered, is unknown 
but is considered to be minor. Along the fault, at the very east 
edge of the area covered by figure 4, Ruppel (1980) reported an 
area of breccia in rocks mapped as "Yellowjacket" (that is, 
within the fine siltite unit of the Apple Creek Formation) in the 
Alder Creek drainage. Ruppel and Lopez (1984) interpreted the 
breccia to be tectonic in origin and to have developed in the sole 
zone of the Medicine Lodge thrust plate. I do not believe the 
breccia to be of tectonic origin. It is hydraulically fractured (and 
hydrothermally altered), but little to no offset is evident across 
fractures that define the breccia fragments. In any case, the 
Alder Creek fault is steep to vertical and is not a flat thrust as 
Ruppel and Lopez (1984, 1988) described it.

Stretched, intensely brecciated, and mylonitized rocks were 
reported to constitute the sole zone of the Medicine Lodge thrust 
sheet in the Hayden Creek area (Ruppel, 1978, p. 8; and Ruppel 
and Lopez, 1984, 1988). No mylonite or intensely brecciated 
rocks were found in this area by me or reported by Tietbohl 
(1981,1986). The diamictite unit is intensely cleaved, however. 
The cleavage reflects a high ductility that is due to a high con 
tent of clay and silt, and strong cleavage near Hayden Creek is 
due to location of the diamictite in the footwall of the Bear Val 
ley fault, which dips about 30° SW. The fault is not a horizontal 
(flat) thrust of the sole zone of a decollement at the base of a 
(Medicine Lodge) thrust sheet of Ruppel (1978).

Conclusions

The following are major conclusions resulting from map 
ping and structural studies in the western part of the Lemhi 
Range.

1. Most of the study area lies within the hangingwall of the 
Poison Creek thrust sheet.

2. The thrust has a stratigraphic separation of 10,500+ m 
and an unknown amount of transport to the northeast.

3. The Poison Creek thrust sheet comprises three subsheets 
separated, from northeast to southwest, by the Bear Valley and 
Hayden Creek faults, which presently display normal displace 
ment. The Hayden Creek fault also displays thrust displace 
ment, and both faults likely originated as minor thrusts.

4. Removal of normal-slip displacement on the Bear 
Valley, Hayden Creek, and lesser faults within the subsheets to 
pre-normal-slip positions revealed that the thrust sheet makes up 
the leading part of a large anticline. Amplitude of the anticline 
exceeds 12,000 m.

5. Cleavage and bedding in the hangingwall and footwall 
of the thrust record only one compressional deformation event.

The deformation is younger than cleaved Mississippian rocks of 
the footwall in the study area, and based on regional data, it is 
younger than deformed Triassic strata: deformation likely is of 
Late Cretaceous age.

6. Compressional deformation ceased prior to extrusion of 
the tuff of Ellis Creek, a unit of the middle Eocene Challis Vol 
canic Group, and prior to intrusion of Eocene granitic plutons. 
The deformation likely occurred prior to emplacement of the 
Late Cretaceous Carmen Creek pluton, present in the Beaver- 
head Mountains to the northeast of the Lemhi Range.

7. Significant extensional deformation took place prior to 
extrusion of the Eocene Challis Volcanic Group.

8. The Medicine Lodge thrust system, a single regionally 
extensive thrust sheet previously interpreted to extend across 
east-central Idaho and into southwestern Montana, does not 
exist within the study area, nor does the Hayden Creek window 
that was interpreted to have been eroded through it.
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